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TRANSACTIONS ''''::. 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY.' - 






Part 1. Yol. XIII. Session 1873-4. 



At the Annual Meeting (adjourned from October 28th) 
of the members, held in the Lecture Room of the Literary 
and Philosophical Society, George Street, on Tuesday, 18th 
November, 1873. 

John Knowles, Esq., M.I.C.E., President, in the Chair. 

Present : — Joseph Dickinson, F.G.S., John Aitken, F.G.S., 

J. E. Forbes, F.G.S., J. Plant, F.G.S., Kaye Knowles, 

Thomas Livesey, Clegg Livesey, J. S. Martin, J. Wild, 

S. Wild, and other members. 

The circular issued by the Secretaries announcing this 

adjourned meeting having been read, the President called 

upon Mr. Plant to read the following Report and Balance 

Sheet. 

Report of the Council. 

Your Council have to express their regret that the day 
for the Annual Meeting as prescribed by the Rules of the 
Society, had to be postponed to the present date, in con- 
sequence of an oversight in not sending out the notices for 
the meeting; this will doubtless be willingly excused by 
the members when it is understood, that during the removal 
of the contents of the Natural History and Geological 
specimens from the Museum to The Owens College, the 
place is considerably upset, and all regularity in business 
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matters liabl^]*k) be iuterrupted. On the other hand, this 

adjournment;«however, has been in no way disadvantageous 

to the -inppxbers of this Society, it has led to the fortunate 

assenaH^'g of the meeting in a far more convenient place — 

withm^e walls of a building almost venerable with time- 

hotKored associations with science, and with the names of 

; j4^eh. who are placed in the foremost rank of fame for their 

;*/.'^^eat labours and discoveries, in Physics, Chemistry, 

../ Geology, and other branches of modem science. — ^It is the 

fervent desire of your Council that the future career of the 

Geological Society may be influenced by these revered 

associations, and that its work may be stimulated with a 

spirit for progress which will lead to a right feeling amongst 

the members for the increase and prosperity of the Society. 

Your Council have further to report that the long con- 
nexion which had existed between this Society and the late 
Natural History Society, extending over more than twenty 
years, — and in a modified form for the last four years with 
the joint-Commissioners of The Owens College and the 
Natural History Society — ^has at length been brought to a 
termination. In reviewing the events arising out of that 
connexion, it cannot be denied that the association between 
the governing bodies of the Geological Society and the 
Natural History Society, was scarcely at any time a happy 
one, but was too frequently a source of regretful misunder- 
standing, which undoubtedly affected the interests and 
prosperity of the Geological Society in many ways. The 
transfer of the specimens of Natural History, the Museum 
buildings, and other property belonging to the Natural 
History Society (which became defunct) to the Trustees of 
The Owens College — ^brought about the signing of an agree- 
ment in November, 1869, by which, reserving certain 
privileges for the future admission of its members, the 
Geological Society transferred its whole interest in its coUec- 



tion of fossils, minerals, and cases also to The Owens College, 
only retaining its library of books, maps, charts, sections, 
and other effects, as well as the right of holding its 
meetings in the room it had heretofore occupied in the 
Museum imtil the time when the Trustees ceased to occupy 
the building. The time has nearly elapsed, and before the 
end of the present year the Museum will be completely 
dismantled. 

Your Council have had to take into their consideration a 
claim from the Museiun Commissioners for the large amount 
of £144 12s. Od. charged for Museum expenses from April, 
1868. This matter has been brought to a satisfactory con- 
clusion by the Museum Commissioners accepting the offer 
T^ojBide by your Council, of what they deemed a just and fair 
amount in discharge of the claim, and the sum of £45 12s. Od. 
will have to be paid over to the Treasurer of The Owens 
College. This transaction closes all the relations which 
have subsisted so long between this Society and the Museum 
in Peter Street. 

In respect to the future meetings of the members of this 
Society, your Council have great pleasure in being able to 
report that they have entered into an engagement with the 
Council of the Literary and Philosophical Society for the 
use of its Lecture Room, and for accommodation for the 
library — together with the services of the resident attendant — 
for the yearly payment of £30. This will not be considered 
a large demand upon the funds, when it is brought to the 
experience of the members how much superior is the 
accommodation over that at the Museimi, and how greatly 
the comfort of the members will be increased ; whilst from 
the facilities afforded to the Secretaries the general business 
andinterests of the Society will be in all respects better looked 
after. Your Council desire to express their high esteem 
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of the courtc.-y and kind consideration which they have 
received from the Council of the Literary and Philosophical 
Society in the negociations which have resulted in this 
engagement^ and they trust all transactions between the 
two Societies will be conducted with a similar and mutual 
good feeling. 

The present strength of the Society consists in 93 
ordinary, 9 life members, and 10 honorary members, 
making a total of 112 members. During the session seven 
new members have joined the Society, five members have 
been taken away by death, and four have resigned. 

The Coimcil think it a duty to allude to the loss of one 
of its oldest honorary members — ^Professor Sedgwick, of 
Cambridge — ^who was made an honorary member of this 
Society at its establishment in 1838, more than a third 
of a century ago, when the science of Geology was yet in 
its infancy. Professor Sedgwick was held in universa 
esteem as a leading pioneer of Geological discovery, and 
respected as one of England's truest men of science. He 
died at the age of 88, on the 27th January, 1873. 

The loss of Dr. Crace Calvert, F.R.S., a resident and old 
member of the Society, is deserving of mention. He was 
distinguished for his imtiring pursuit of Chemistry, of 
which he had attained a profound knowledge, and bore a high 
reputation in England and on the Continent. 

The meetings of the Society have not been numerously 
attended by the members during the past session, which 
may be reasonably accounted for by the inconveniences 
which have had to be submitted to during the removal of 
the Museiun collections, your Council trust that this may 
be the last occasion which may require them to draw the 
attention of the members to the apparent want of interest 



in attending the monthly meetings. The papers added to 
the printed transactions of the Society are considerably less 
in number and extent than in many former years, yet the 
subjects of those relating to Mining are both important and 
interesting to the owners and managers of collieries in this 
locality. This paucity in the nimiber of papers is to be 
regretted, but it is capable of being remedied in the future 
by a more lively interest being taken by the members in 
the principal object of the Society, "the collection and 
difi^ion of practical and theoretical knowledge respecting 
Geology and Mining." 

The Library has received an accession by donations of the 
transactions of several kindred societies in Great Britain 
and abroad, and of a few recently published works by 
purchase. The Council are glad to be able to inform the 
members that in a short time the Library will be entirely 
collated, and recatalogued, previous to its being locate^ 
in the Literary and Philosophical Society's Rooms ; and 
there is a very fair prospect that the use of the Library- will 
be largely augmented when it is placed in a condition that 
will make it more accessible, and better known to the 
members residing in the countrj\ 

The Coimcil take this opportunity of calling the attention 
of their successors to the necessity of a thorough revision 
of the Rules, many of which are no longer applicable to 
the Society, after its seperation from the Manchester 
Natural Historv Societv. 

The Annual Financial Sheet, prepared by the Treasurer, 
shows a very favourable balance to the credit of the Society 
during the past year, but this balance wiU. be subject to a 
considerable reduction by outstanding accounts to the 
amount of above £60, which were not prepared for pre- 
sentation to the Treasurer in time to be included in his 
statement. 
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NEW MEMBERS, 1873. 



Feb. W. E. Oarfott, Engineer, Dukinfield. 

March. Clifford Smith, Parkfield, Swinton. 

April. Alfred Pilkington, ) Clifton and Kersley 
Edward Pilkington, ^ Collieries. 

Oct. Jos. S. Martin, Assistant Inspector of Mines, Park 

Villas, Prestwich. 

„ James Tonge, Hnlton Collieries, Bolton. 

„ J. F. Seddon, Great Harwood Collieries. 



MEMBERS RESIGNED. 



H. Bridge, elected 1868. 

William Evans, elected 1867. 

J. C. Rivett, elected 1870. 

Thomas Turner, F.R.C.S., elected 1844. 



MEMBERS DECEASED. 



Professor Adam Sedgwick, LL.D., F.R.S., hon. member. 

Sir Oswald Mosley, Bart., elected 1859. 

Dr. Frederick Crace Calvert, F.R.S. 

WiUiam Ross, J.P., Pendleton. Elected 1838. 

WiUiam Harter, Hope Hall, elected 1838. 
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LIST OF PAPERS AOT) SUBJECTS BROUGHT BEFORE 
THE ORDINARY MEETINGS IN THE SESSION. 



1872. 

Nov. Knowlcs John, M.I.C.E., President, **0n Fires in 
Collieries, " with special reference to the recent fire 
in the Rams mine, in Pendlebnry. 

Dec. Whaley Thomas, **0n the Fire in the Norley Colliery, 
near Wigan. " 

„ Plant John, F.G.S., ** On certain Neolithic weapons 
brought from Venezuela, by Mr. Spence. " 

1873. 

Jan. ''Discussion on the Black Burton Coal Field, Yorkshire. " 

Feb. ''Discussion on the Section of Rocks through the Summit 
Tunnel at Blackstone Edge. " 

March. Binney E. W., F.R.S., Vice-President, "Description of 
Mr. W. A. Purdon's Section of the Blackstone Edge 
Tunnel, wliieh was presented to the Society in 1842." 

April. Dawkins W. Boyd, F.R.S., '* An account of the Members' 
Excursion up the Valley of the Irwell from Clifton 
to RadclifTc. " 

,, Aitken John, F.G.S., " Notes on an Ossiferous Cavern in 
the Carboniferous Limestone at Watorhouses, StaflEbrd- 
shire. " 

May. Plant John, F.G.S., " On Human and Animal Remains in 
Caves in North Lancashire. " 

June. Aitken John, F.G.S., " Remarks on some fine specimens 
of Slickensides, from the Millstone-grit exposed in 
Todmonlen valley. " 
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ADDITIONS TO THE LIBRABY. 

By Pukchase. 

1. Bristow and Ethoridge, ** Table of British Sedimentary and 

Fossilifcrous Strata, " folded in a cover. 

2. Hull E., F.R.S., " The Coal Fields of Great Britain, " last 

Edition. 

3. Hunt Robert, F.G.S. ** Mineral Statistics of Great- Britain, 

for 1871." 

4. Jukes J. Beeto, M.A., "Manual of Geology," edited by 

Professor Geikie, new Edition. 

5. Palmieri Professor Liugi, ** The Eruption of Vesuvius in 

1872, " edited with additions by Robert Mallett, 1873. 

6. Phillips Professor John, *' Vesuvius, " 8vo., 1869. 

7. Palaeontegraphical Society's Publications for 1873. 

By Dokation. 
Chriptiania, The Royal University of Norway. 

1. Kjerulf Professor Theodor, **0n Ice Marks and the 

Glacial Formation and Terraces in Norway, " 4to. 
Map, pp. 101 (in Norske). 

2. Helland and Miinstcr, ** Layers of Pyrites in certain 

States in Norway, " 4to., 3 plates, pp. 97 (in 
Norske). 

3. C. de Seuo and S. A. Scxe, ** The Snowfields and 

Glaciers of Instedal, " 4to., Map and 9 photographs, 
pp. 55 (in French). 

4. Sexe Professor S.A., **0n the Rise of Land in Scan- 

dinavia, " 4to., pp. 17 (in English). 

5. " Glacier Movements, " pp. 8 (in Norske). 

6. Kjerulf Th. Professor, ** On the Geology of the dis- 

trict about Trondhjem, " royal 8vo., Map, pp. 79. 

7. ** On Turf, Peat, and Bog," pp. 10 (in Norske). 

8. Patterson Karl, ** Profilgjeunem Reisenelvens," pp. 7. 
Dickinson Joseph, F.G.S., ** Three Reports of H.M. Royal Com- 

. missioners on the Supply of Coal in Great Britain," 
with a portfolio of 15 Maps and Sections accompanying 
the Reports. Folio, 1871. 
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OlasgoW; The Geological Society of. **The Silurian Brachiopoda 
of the Pcntland Hills," by T. Davidson, F.R.S. Part 1, 
4to. 
„ " Transactiona of the Society. " Vol. IV. Parts 

1, 2, 3. 

London, The Geological Association of. "Proceedings from 
November, 1872, to October, 1873. " 
„ The Geological Society of. ** Quarterly Journal." Nos. 

112, 113, 114, 115, 116, for 1872-3. 
„ '* Abstracts of Proceedings. " Nos. 255 to 272, 1873. 

Edinburgh, The Geological Society of. ** Transactions." Vol. II. 
Part 2. November, 1872, to May, 1873. 

South Wales Institute of Engineers. The Proceedings of the. 
Vol. VIII. Parts 1 to 5, 1873, 8vo. 

Liverpool, " Geological Society of. " Abstract of Proceedings 
for 1872-3. 14th Session, 8vo. 

Ireland, The Royal Geological Society of. '* Journal. " Vol. 
III. Part 3 to June, 1873, 8vo. 

SCanchestcr, The Literary and Philosophical Society of. Pro- 
ceedings. Vol. XII. 1872-3, 8vo. 

Canada, Selwyn, A. B. C, Director of the Geological Survey. 
" Reports of Progress, for 1871-2." Royal 8vo., pp. 154. 
"List of Publications of the Geological Survey of 
Canada." 1873. 

Karsh, Prof. 0. C, " On the Structure of the Mosasauroid Reptiles.'' 
pp.21. " Remains of Pterosauria, &c." "Description 
of a new Cretaceous Bird "Hesperomis Regalis." 

Newberry, J. S., Chief Geologist to the State of Ohio, TJ. S. 
" Report on the Progress of the Geological Survey in 
Ohio in 1870, with a case of five maps of grouped sec- 
tions, 8vo. 1871. 

Warwickshire, Natural History, &c., Society. Annual Reports 
for 1871-2-3. 

Whitaker Wm., List of Works relating to the Geology of the 
Hampshire Basiii. 
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On the motion of Mr. J. E. Forbes, seconded by Mr. J. 
AiTKEN, the ATinxial Report was unanimously adopted and 
ordered to be printed. 

On the motion of Mr. J. Dickinson, seconded by Mr. 
K. Knowles, it was resolved imanimonsly— That in the 
opinion of this meeting it is desirable that the office of 
President be held for one year only, and not for two years 
in succession as stated in Ride XXYI., and that this proposed 
change be now adopted and carried out in future. 

The following gentlemen were elected officers and members 
of the Council for the ensuing year : — 

THOMAS KN^OWLES, Wigan. 

9ta-^rtstbttd0. 

EDWAKD WILLIAM BINNEY, F.R.S., F.G.S. 
JOSEPH DICKII^SON, F.G.S. 
JOHN K^^OWLES, M.I.C.E. 
JOHN AITKEN, F.G.S. 

ion. €umim. 

G. C. GREENWELL, F.G.S. 
THOMAS ALCOCK, M.D. 

^Miors. 

JOHN HEELIS. 
THOMAS LIYESEY. 

JOHN EDWAED FORBES, F.G.S. 
JOHN PLANT, F.G.S. 

HENRY MERE ORMEROD. 
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0f tl^t Cannctl. 

WILLIAM BRYHAM. 

SAMUEL CROWTHER. 

JOHN CROSS, (Wigan). 

ROBERT D. DARBI8HIRE, B.A., F.G.S. 

W. BOYD DAWKINS, M.A., F.R.S., F.G.S. 

HERBEBT FLETCHER.. 

CHARLES HARDWICK. 

WILLIAM HEN BY JOHNSON. 

KAYE KNOWLES. 

CLEGG LIVESEY. 

CLIFFORD SMITH. 

JOHN WILD. 



• 

The Chair haying been taken by Mr. J. Dickinson, it was 

resolved nnanunously — ^That the thanks of the meeting be 

given to the retiring President and Council, 
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LIST OF MEMBERS, 
DxcmcBKR l8Ty 1878. 



The Kames of Homonoy Memben are printed in Itaiki. 
* Members who haye oompounded lor the Annual Subsoription. 



Year of 
Ktectton. 



1840 A^aamy Zouts, 1C.D., LL.D., Professor of Kataral Bistoryi 
Cambridge, Massachnssetts. 

1863 Aitken, John, F.G.S., Bacup. 

1862 Alcock, Thomas, M.D., Oak FieM, Ashton-on-Mersey. 

1 865 Ashworth, Edward, Stag Hills, Waterfoot^ near Manchester. 

1864 Ashworth, John, Eose Hill, near Bolton. 

1866 Bamford, J. B., Mining Engineer, Eochdale. 

1859 Barr, William Roby, F.G.S., Park Mills, Stockport. 

1 859 Basley, Sir Thomas, Bart., M.P., Cyford Park, Stow-on-the- 
Wolds. 

1861 Beswicke, William, South Parade, Bochdale. 

1888 Binney, E. W., F.B.S., F.G.S., 65, Peter Street, Man- 
chester. 

1867 Bolton, H. H., Newchnrch, near Manchester. 
1866 Brierley, Joseph, Ciyil Engineer, Blackburn. 

1859 Bnmgniarty Adolphe, F, G. S. Professor of Botany, Jardin des 

Plantes, Paris. 
1864 Brooke, William, F.G.S., Hale Carr, Altrincham. 
1861 Brooks, Thomas, Sunnyside, BawtenstaU* 
1859 Bryham, William, Eose Bridge Colliery, Wigan. 
1861 * Buccleuch, His Grace the Duke of, Whitehall GardenSi 
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TRANSACTIONS 

OF XHE 

MANCHESTER GEOLOGICAL SOCIETY. 

Paet 2. Vol. XIII. Session 1873-4. 



The Opening Meeting of the Session was held at the 
House of the Literary and Philosophical Society, on Tuesday, 
the 23rd December, 1873, when aboye thirty members were 
present. 

Mr. Thomas Knowles, President, in the Chair. 
The Honorary Secretaries made an annoimcement to 
the meeting that the Council had taken into their 
consideration the question of adding to the present list of 
the Honorary Members, which had been greatly reduced 
during the last ten years, and they had imanimously recom- 
mend the following gentlemen for election as Honorary 
Members of the Society: — 

Owen, Richard, M.D., D.C.L., LL.D., F.R.S., &o., Sheeu 
Lodge, Richmond Park, S.W. 

Harkness, Prof. Robert, F.R.S., F.O.S., Queen's College, 
Cork. 

Hawkshaw, Sir John, Knt., F.R.S., F.G.S., &c., 33, Great 
George-street, Westminster, S.W. 

Ormerod, Geo. Wareing, M.A., F.G.S., Brookbank, Teign- 
mouth. 

Ramsay, Prof. Andrew C, LL.D., F.R.S., &c., Director- 
General of the Geo. Survey of the United Kingdom. 

Hull, Prof. Edward, M.A., F.R.S., &c., Director of the 
Geo. Survey of Ireland, 14, Hulme-street, Dublin, 
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Geikie, Arcliibald, F.R.S., F.G.S., of L. and E., Director of 

the Geo. Survey of Scotland, Victoria-street, Edinburgh. 
Agassiz, Prof. Alexandre, Cambridge, Boston, Mass., U.S. 
Woodhouse, John Thomas, F.G.S., M.I.C.E., Midland-road, 

Derby. 
Forster, Thomas Emerson, M.I.C.E. 7, Ellison Place, 

Newcastle-on-Tyne. 
Morton, George Highfield, F.G.S., 21, West Derby-road, 

Liverpool. 
Hawkins, B. Waterhouse, F.L.S., F.G.S., Century Club, 

East 15th Street, New York City. 

Since the last meeting of the Society, news had reached 
England of the death of Professor Louis Agassiz, of Cam- 
bridge, Massachussctts, who had been an Honorarj'^ Member 
of this Society from the year 1840. It was at the Meeting 
of the British Association at Manchester, in 1842, that 
Professor Agassiz was invited to devote his attention to the 
subject of thefossil fishes of theold red sandstone; and in 1844, 
when this important monograph was published, the author 
stated upon the title, " Une ouvrage ridig^ a la demande de 1' 
Association Britannique pour 1' avancement des sciences ot 
presents par extraits a sa reunion d Manchester, en 1842." 
The Library of the Society possesses a copy of Professor 
Agassiz's great work, entitled " Rccherches sur les Poissons 
Fossiles" (unfortunately incomplete in the illustrations). 
Monographic des Poissons Fossiles du Vieux Gres Rouge," 
and a portion of his elaborate work on the " Fresh Water- 
fishes of Central Europe," In Agassiz the world has lost a 
philosopher and naturalist whose name will be remembered 
along with those of Bufibn, Cu\'ier, and Humboldt, and of 
whom both his native Switzerland and his adopted country 
might well be proud. 

The President, after taking the Chair, said: I must 
thank the membors of the Societv for the honour thev have 
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conferred upon mo by electing me President for the ensuing 
year. I assure you it is an honour I little deserve; for, 
although having been a member for some time, I have 
attended the meetings very badly. I have, nevertheless, 
read in the printed reports the discussions that have taken 
place with no little interest, and no little instruction, they 
have not only been a source of pleasure, but I have found 
them of great use to me in my practical mining operations. 
On the present occasion I will merely thank you for 
the honour you have done me, and assure you that it will 
be a pleasure to me, at all times, to do all in my power to 
further the interests of the Geological Society of Manchester. 
Mr. Joseph Dickinson, F.G.S., Inspector of Mines, ex- 
hibited some of the saliferous marls and marlstones obtained 
during an inspection into the causes of the landslips in the 
Salt District of Cheshire. In a paper upon the subject, 
Mr. Dickinson said : — 

ON THE SALIFEROUS STRATxV. 
By Joseph Dickinson, F.G.S. 



Some of you arc aware, that in consequence of a repre- 
sentation made by the Salt Chambers of Commerce, in 1871, 
I was directed by Her Majesty's Government to make 
inquiry into the state of the landslips in Cheshire, caused 
by the working of rock-salt and the pumping of brine, 
which, it was alleged, involved damage to property, and 
risk to human life. 

The report which I have made as the result of my inquiry 
having been presented to Parliament, and printed ; and as I 
am presenting a copy of it to this Society, I need only state 
that some of the subjects to which it refers, such as the 
details of the saliferous strata, the mining of rock-salt, and 
the flowing away and pumping of brine, with the consequent 
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landsKps, and alterations of the earth's surface, which are to 
bo seen in full operation in Cheshire and Worcestershire, 
and may still be traced by occasional landslips and sinkings, 
southwards from Middlesbrough-on-Tees, and between Bar- 
ton Mere, near Southport, and the south-shore of Blackpool, 
may hereafter form interesting matter for discussion ; but 
at present it is only my intention to show you some speci- 
mens of the principal strata with which the rock-salt beds 
are associated, and to invite you to an expression of opinion 
whether the conclusions which I have arrived at as to the 
position of the rock-salt beds in the geological series is 
a correct one. 

At the commencement of my inquir}', I found that it was 
essential to determine the exact geological position of the 
rock-salt strata, otherwise no idea could bo given as to the 
probable area over which the landslips might extend. This 
will be more readily understood when I state that the maps 
of the Geological Survey do not indicate either the present 
or previous extent of the rock-salt, but only give a few out- 
crops of what are called shaley marls, which, on examination 
and comparison with what are found in the rock-salt mines, 
I find are the true saliferous marls and marlstones; and 
from the fact that the latest publication that had appeared 
upon the rock-salt strata, " On the New Red Sandstone of 
Cleveland, and the Rock-Salt discovered in it,'' by Mr. W. H. 
Peacock, published in the " Transactions, of the Cleveland 
Literary and Philosophical Society," set forth in efiect that 
there was but one rock-salt formation in England, which 
view, it was imderstood, had been endorsed by high geolo- 
gical authority. The assuming of a limit, therefore, to 
which the landslips might extend depended altogether upon 
whether that view was correct or not ; and it forced upon me 
the lixiuff of thepositions which the rock-salt holds in the series. 
The details oi my iuvcstigiition under this head are set forth 
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in my Report to Parliament, with the names of the eminent 
geological authorities upon which they are based ; the result 
of which is the conclusion that there are tico principal rock- 
salt formations in England, of which that of Cheshire is the 
upper, and that of Middlesbrough the lower. Indeed, were 
it otherwise, the 300 yards of red sandstone proved at 
Middlesbrough above the rock-salt, as well as the red marls 
above that red sandstone, woidd all have to be added to the 
immense thickness — ^nearly 1,000 yards— of red rocks already 
known in the series. 

The division of these red rocks which I have taken for 
Lancashire and Cheshire is as follows, in descending order: — 

1. Keuper, or saliferous, in Cheshire ^d South and. 

"West Lancashire, consisting of variegated sali- ^*^ 
f erous marl and marlstone, with thin plates of l ^^^ 
gypsum, and thin beds of limestone, together! 
with 210 feet in different beds of rock-salt ... J 

2. Lower Keuper, or Red Marls, consisting chieliy of) ^^^ 

red marl, with two beds of variegated sandstone. / 

3. Bunter, or Upper Red Sandstone, consisting of v 

white and brown sandstone, with quartz peb- 
bles, and flakes and thin divisions of marl, and [ ^^^ 
and a few thin divisions of mica ./ 

rRed Marls, as seen in the valley of the Irk, at 

Manchester, &c., consisting of variegated • 210 
marls, with fossilif erous limestone 

4. < Lower New Red Sandstone, as quarried for moidd-\ 
ing sand in the valley of the Irk, at Man- 1 «^^ 
Chester, consisting of soft red sandstone,! 
partly variegated / 

These rocks are known by various names. Many practical 
miners, who have not yet found the necessity of dividing 
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them, group the whole together under the name of the 
Red-rocks, or New Red Sandstone. In some instances, 
No. 3, with 2 and 1 above it, are called the Upper New 
Red Sandstone ; and No. 4 the Lower New Re4 
Sandstone ; whilst more recently the name Trias has 
been introduced for the former, and Permian for the latter ; 
but now and then it is found that the term Permian is used 
without any more distinction being intended than what is 
conveyed by the original name of Red-rocks. 

The Geological Surveyors, it appears, lay it down that 
the Trias and the Pemlian are unconformable with each 
other, and give reasons for that conclusion. In the in- 
vestigations which I have found it requisite to make for 
my purpose as to the landslips, the question of imconforma- 
bility has not presented itself, nor has any unconf ormableness 
appeared between the two, except such as may be explained 
by natural changes in thickness of strata, and the 
disappearance of immense beds of rock-salt by solution 
frpm amongst the strata. 

One other point which I have noted in my Report is with 
reference to the red marls of North Wales, as sunk through 
in the upper part of the shafts of Ilafod-y-bwch Colliery, in 
Denbighshire, which have hitherto been classed as Permian. 
These, I have ventured to suggest, will probably prove to 
be carboniferous marls, corresponding with similar thick beds 
which divide the North Staffordshire coal-field. It was not 
until Mr. D. C. Davies, F.G.S., of Oswestry, called attention 
to the coal-field of Ifton, in Shropshire, being above the 
Permian, and a discussion thereon before this Society, headed 
in the Transactions, " Coal in the Permian,"* that I carefully 
noticed the marls at Hafod-v-bwch and the Permian which 
tiverlies them on the dip, and as sunk through at Oswestry, 



* Vul. xii., p. 20. 



27 

that I found there is a difference between the two, whick 
justifies my assumption that they are not identical ; the 
marls of Hafod-y-bwch being nearly all clay, whilst the 
Permian on the dip and at Oswestry, is divided by 
sandy beds. If this view is correct, a recasting of the 
xjxtent of the Permian will be required on the geological 
survey maps. 



On the motion of Mr. J. Knowles, seconded by Mr. T. 
Li>'ESEY, the thanks of the meeting were voted to Mr. 
Dickinson for his paper. 

The Chairman conveyed to Mr. Dickinson the thanks of 
the Society for a copy of his " Report upon the Causes of 
the Landslips in Cheshire,'* which he had presented. 

•Mr. AiTKEN said : Mr. Dickinson referred, in his paper, 
to some red rocks which occur near Oswestry, these rocks, 
I believe, have been described by Mr. D. C. Davies, to whom 
reference has been made, as belonging to the Permian; 
and in those beds, I believe, certain seams of coal have been 
discovered. I notice that Mr. Da\'ie8 has recently written 
a paper upon the subject, a copy of which he kindly sent to 
to me; and it appears that, in consequence of that or some 
other information, Mr. Dickinson has visited Oswestrj^ 
and examined the beds, alleged by Mr. Davies to have 
been of Permian origin. I have been in the dis- 
trict, but though my opportimities of examining the beds 
were slight, I suspected that they were not Permian 
but that they were coal - measure beds, in which the 
alleged Permian coal was foimd. I would like to ask Mr. 
Dickinson, as he has made a careful inspection of them, 
to what formation he would refer them ? I rather gathered 
from his paper that he thought they belonged to the coal 
measures. 
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Mr. Dickinson : I beKeve the red deposits at Oswestry 
tyre Permian ; and so I have stated in my paper. It is the 
red marls occurring further north, which become overlaid 
by these Permian beds, that I consider to be carboniferous 
marls ; but the red rocks at Oswestry are, in my opinion, 
true Permian. 

Mr. Dickinson then exhibited and gave a detailed explana- 
tion of the specimens from the rock-salt strata, consisting 
mostly of marlstones, or the particidar kind of marl with 
which rock-salt is associated, with reference to a peculiar flat 
marlstone exhibited, he explained that the rock-salt in the place 
whence it was taken had probably, ages ago, been dissolved, 
and had flown away into the sea (probably causing its 
saline character), and in all such places he found more or 
less evidence of sliding, as though their overlying rocks 
had slid away, causing streaked markings upon those beneath. 
In other places he found beautiful casts of cubes, the form 
of rock-salt crystals as obtained by slow* evaporation, some 
of these cubes were very much larger than others, the 
rule was,' the slower the evaporation the larger the crystal ; 
the more rapid the evaporation the finer the salt. 

Amongst the specimens exhibited were some of rock-salt, 
of different qualities and degrees of fineness; and crystals 
of salt, which had been crystallized from brine lying upon 
the floor of one of the Cheshire salt mines, where the 
evaporation, taking place in the dark, had been slow, these 
Crystals were of the true cubical form, but, Mr. Dickinson 
said, much smaller than those formed by slow evapora- 
tion in a pan. Mr. Dickinson said he had other 
specimens of the strata with which these rocks and marl- 
stones were associated, for instance, some new red sand- 
stones, procured from Middlesbrough, as well as from the 
Alderley Edge copper mine, which the Geological Survey 
classed as Keuper. Instead of being Kcfuper, he believed it 
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would ultimately be found that this was a part of the Bunter 
Sandstone. It was quite distinct from those two upper 
beds of sandstone which are to be traced, at many points, 
in the Keuper ; and it was apparently a bed which extended 
across the whole salt field. It seemed to have formed the 
sands at Bowdon and Altrincham, and was also to be seen 
where the marls are still remaining, at Warburton. 

Mr; Plant: I am not quite clear whether my ideas 
about the division between the true Trias formation, as it 
exists in Lancashire and Cheshire, apart from the Permian, 
are at fault, or whether it is that Mr. Dickinson, in his paper, 
has lost sight of the very clear and well defined line that 
geologists have discovered to exist, separating these two 
important formations. The separation between the true 
Permian, of which specimens are before us, and any of the 
beds of either the Bunter or the Keuper formation, is, 
without doubt, very clear and well defined in some places, 
even in Lancashire. At Collyhurst, for instance, we see 
the line of separation between Permian marls, which are 
fossiliferous, containing species of Schizodm, Bakcvillia, and 
other shells, which never yet have been obtained from the 
overlying strata belonging to the Triassic series, that, of 
itself, is sufBcient with all our eminent geologists to mark 
the true definition between these two great formations. I 
think, also, that Mr. Dickinson, in alluding to the Middles- 
borough deep sinking, stated that, in consequence of the 
enormous depth at which there was discovered, a great bed 
of salt, therefore the salt formation is separable into two 
great divisions — an upper in Cheshire and a lower in York- 
shire. That may appear to be so, taking a section of each 
sinking only into accoimt; because it so happened, that 
the strata passed through appeared to show two beds of 
salt lying at considerable distances one from the other; 
but the deposition of salt, wherever it can be examined 
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Entirely, lies rather in bedded masses of limited area. The 
Middlesbrough sinking displayed only a section of the 
centre of a large mass of rock-salt; whereas, if the 
sinking had been made half a mile on either side, might 
have missed the salt altogether. Mr. Dickinson, in his 
paper, referred to the markings upon a flat piece of marl- 
stone, the one Mr. Dickinson exhibits as an illustration of 
what is called Slikensides. It would be impossible for any- 
body visiting a quarry where the Triassic, especially the 
Keuper, beds are worked without finding the beds separated 
by marls of this character, exceedingly thin plates, and 
covered over with what have been adjudged for at least 
half a century to be nothing more nor less than ripple 
markings, the markings like those upon this specimen, I 
think, are not to be explained by a slipping of the rocks ; 
and still more, I think, would there be a soimd objection 
to the idea that the " salt has been dissolved away from 
these rocks and flown into the sea." That woidd be a 
reversal of the operations of nature under which wo have 
been always taught to believe the salt beds and the rocks 
themselves were deposited. The collection is one of con- 
siderable interest, from the wide area over which the 
specimens have been procured, and it gives a very good 
idea of the characters that belong to each ; these specimens 
are all, with one exception, non-fossiliferous. Now, in 
Warwickshire, Worcestershire, and Leicestershire, the same 
beds of Keuper, or at least what are probably equivalent to 
those beds, are all fossilif erous — not very largely so ; but 
they contain specimens of Ustheria, fish t^eth of Hyhodns. 
Acrodus, and the feet markings of reptilians. Cheshire 
is not a prolific representative of the Triassic beds in 
which these fossils have been deposited. Mr. Dickinson 
also alluded to the gypsif erous deposits ; but not much 
information was given to show how they were related to 
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the deposits of salt ; in other ports of England gypsum 
is found deposited, almost identical in geological position 
to the salt of Cheshire, yet it frequently, as it were, replaces 
the salt with a deposit of fine gypsimi, as in Derbyshire and 
Leicestershire. 

Mr. Dickinson : I shoidd say, with reference to what 
Mr. Plant has just stated, that I have not by any means 
overlooked those fossiliferous beds which di\'ide the two 
— that is, the Permian from the Trias above it. 

Mr. Plant : 1 did not mean to say that you had over- 
looked it ; but you called it the lower, as distinguished from 
the upper, red sandstone ; gi^'ing to the one 600 feet and to 
the other 900 feet. I understood your own idea to be that 
they should not be separated — that the lower red rocks were 
part of, and conformable to, the upper rocks. 

Mr. Dickinson : I did not overlook that important divi- 
sion to which Mr. Plant has called attention, but I specially 
put down the thickness of it at 210 feet, the thickness 
fixed for it by Mr. Binney ; and I stated that it contains 
certain fossils ; here arc the fossils from this neighbourhood 
to show to you. I have, amongst the rest, a specimen of 
the same kind of fossil which I took about one mile north 
of Lame, in the North of Ireland, from an out-crop that 
corresponds with the Permian, and as, I believe, identical 
with the rocks that Mr. Plant thought I had omitted. Then, 
having named these fossils, lying in that one division which 
corresponds, apparently with the magnesian limestone — 
extending from Tynemouth Castle, Northumberland, south- 
wards nearly as far as Nottingham — having named the fossils 
which are foimd in this particular part of these red rocks, 
there is not, so far as I have observed, or so far as I have 
heard — and I have inquired of many persons who have been 
among the rock-salt mines for years — there has never been 
a fossil found in any part of the salifcrous formation. It is 
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entirely devoid of fossih^ and all that I can detect are these 
pseudomorphous salt cubes, or dendritical impressions, as 
Professor Sedgwick called them, and this sliding of the rocks 
over one another ; that they have slid tbere can be no question. 
In many places where the rock-salt is now gone, having been 
dissolved into brine and flowed into the Be% the overlying 
rocks are twisted into beautiful contortions, and sometimes 
into perfect arches. Some of the Lias limestone quarries 
give the best illustrations of the effect which the solution of 
the salt has produced upon the overlying beds. In quarries 
near Eugby beautiful examples are now to be seen, and 
there are others in the county of Durham which have never, 
I believe, been attributed to the disappearance of rock-salt, 
but which, to my mind — having gone minutely into the 
subject — ^are attributable to nothing else. 

Mr. AiTKEN said it was possible that what Mr. Dickinson 
described as contortions might be ascribed to subsidence. The 
specimen now produced did not show any of the characters 
common to what he (Mr. Aitken) understood as Slikensides. 
It was difficult to believe that they could be so. The rock 
salt, being dissolved, would cause the subsidence of the 
superincumbent strata, but not a lateral sliding. He could not, 
for his own part, conceive how the furrows could arise from 
that cause ; and the specimen did not, in his opinion, prove it. 

Mr. Dickinson said he had not in any one of the mines 
which were open, or on any of the marlstones from those 
mines, noticed those groovings which he supposed had been 
made by the rocks sliding against one another ; but in the 
out-crops of the marlstone, where apparently the rock-salt 
had been dissolved, years ago, there were groovings and also 
those dendritical impressions to which he had referred. 

Mr. Aitken pointed out that the lines upon the specimen 
produced were waved, an appearance which he conceived 
to be impossible in Slikensides. 
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Mr. Dickinson said that in some of the Cheshire land- 
slipsy the process was gradually extending over miles of 
coimtiy; in places the sinking took the form of round 
holes, one, described in the report^ had become about 100 
feet deep ; and there are other sinkings of various shapes. 
In that case there must be friction taking place in all 
directions^ it could not always be in a straight line. 

Mr. Plant said there was another objection to Mr. 
Dickinson's theory, if these shales were separated, the divi- 
sions, however fine, would all present the same wave-like 
markings that established the fact of their being ripple 
marks. 

Mr. Dickinson said he hoped soon to see the original 
out-crop of these rock-salt beds, and the outcrop of the sali- 
ferous marlstones laid down on the geological maps of the 
Government Survey. 

Mr. Plant said it might be that the saliferous marls of 
Cheshire, which appeared to be devoid of fossils, had not 
been minutely examined, there were footprints of the 
labijrinthodon and plenty of reptile impressions at Stourton 
and Lymm. 

Mr. Dickinson : In the saliferous marls and marlstones 
I have not known a single fossil to be found. At Lymm, 
where the so-called marks of the labyrinthodmi are f oimd, the 
rocks are by no means in the position of these marlstones 
which I am now showing you. They lie far below them 

Mr. Plant : I would like to ask Mr. Dickinson's opinion 
of the theory that all the meres of Cheshire had been 
formed, at a comparatively recent period, by the disappear- 
ance of beds of salt nearer to the surface than those now 
worked for brine. The one at Combermere, which is of 
great depth, was stated some fifty years ago to be slightly 
saline in its character. 
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Mr. Dickinson : There can be no question but that Com- 
bermere and the range of meres around Xorthwich, Bud- 
worth, &c., to which I allude in my report, giving the 
dates in some instances when their formation commenced, 
have been formed after the solution of rock-salt. Budworth 
and Pickmere meres are, to my mind, evidently upon the out- 
crop of the main top bed of the rock-salt of Cheshire : the 
Rostheme mere, I consider, was formed bv the solution of 
rock-salt in the bottom bed. With regard to the meres 
three miles south of Southport — ^Barton mere and others — 
you will find it recorded in Baines's "Historj- of Lanca- 
shire," and elsewhere, that until recent vears there was a 
great flow of pure brine at these places. 



Specimens Exhibited. 
Mr. J. Dickinson exhibited an extensive collection of rock 
specimens to illustrate his paper. 

Mr. J. Plant exhibited specimens of Kcupcr marls from 
Leicester, Wanvick, and Derbyshire, with teeth of Aerodus, 
Icthodorulite of Hyhodus, Cololithic markings, and Estheria 
mimita, 

Mr. J. Graham Williams, of PenlljTi, Pwllheli, exhibited 
some decomposing Cambrian schists, on which were found 
considerable quantities of a powdered black oxide of man- 
ganese. The schists bore also on their surfaces layers of 
spicular crystals of quartz ; they occur in the schists near 
Pwllheli. 
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TRANSACTIONS 

07 THB 

MANCHESTER GEOLOGICAL SOCIETY. 

Pabt 3. Vol. XIII. Sbssiow 1873-4. 

— ■ ' — 

At the Ordinary Meeting of the members^ held at the 
House of the Literary and Philosophical Society, George 
Street, on Tuesday, 27th January, 1874. 

Joseph Dickinson, F.G.S., Vice-President, in the Chair* 

There were twenty members present. 

The following donations were announced: — 

From F. V. Hayden, TT. S. Geologist. 

"Synopsis of New Vertebrata from the Tertiary of Colorado,'* 

pp. 20. 
" Lists of Elevataons, West of the Mississippi," pp. 48. 
''Meteorological Observations daring 1872 in Utah, Idaho, 
and Montana,'' pp. 120. 
From the Association. 

"Proceedings of the Geologists Association." No. 4, 
Vol. in. Jan., 1874. 
From the Society. 

Abstracts. " Geological Society of London." Nos. 
274-5-6-7. 
From the Society. 

"Proceedings of the Literary and Philosophical Society of 
Manchester." Nos. 5, 6, 7, 8, 1873. 
Fiom Mr. J. Mackenzie, F.G.S., Sydney. 

" First Beport on the Coalfields of Victoria, N. S. W.," 
with Sections. 
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The Chaisman read a list of the names of gentlemen 
recommended by the Coandl for dection as Honorary 
Members of the Socaetr, printed in the pioceedinin of the 
last meeting. The list was unanimously approTed and 
adopted. 

Mr. J. Ajtkes then read the following paper : — 

NOTES ON TBE DISCOVERY OF A NEW FISH, 

OF THE GENTS ACROLEPIS, AG., IN THE 

MILI^TONE GRIT, NEAR HEBDEN BRIDGE, 

YORKSHIRE. 



The thick mass of coarse grits, with their intercalated 
beds of Uack and brown shales and occasional thin bands of 
limestone and calcareous grits, which constitate the MiHstone- 
grit series, and which form so important a feature on the 
eastern borders of Yorkshire, have, until within a short 
period been looked upon as possessing but a scanty and 
imperfect representation of the animal life of the period.* 
More extended observation, howcTer, has reTcaled the fact 
that the formation is by no means barren of fossil remains, 
some of the thick beds of argillaceous deposits, which f onn 
so considerable a proportion of the series in the locality to 
which these remarks more particularly apply, being charged 
not only with an important display of fossils numerically, 
but also representing a fine suite of genera and species. 

It is also found that the calcareous element enters more 
largely into the composition of the Millstone-grit series of 



* In making this atatement, I pmpowly exclude the gtits which overlie 
the Carbonif erons Limertone on the Welah border, in the nei^bonzhood of 
Oswestry, Llangollen, Bristol, &c., which are known to contain a compara- 
tively rich fauna, for reasons given by Mr. J. H. Green, F.O.S., in voL 4, 
pagQ 1 ], and by myself in voL 6, page 263, of the Geological Magnrine. 



rooks than was fonnerly supposed, more particularly amongst 
its lower members. In the Presidential Address I had the 
honour of delivering to this society on the 30th of Noyember, 
1869, 1 pointed out the existence of an important stratum 
of calcareous grit in the neighbourhood of Hebden Bridge, 
and expressed a hope that fossil remains might reasonably be 
expected to be found therein, that hope has however, so fftr, 
not been realized. It is, nevertheless, satisfactory to know that 
since that time Mr. Tiddeman, of the Geological Surveyf^has 
discovered, about two miles south-east of Clapham, in York- 
shire, and kindly pointed out to me, a bed of dark grey 
Limestone, about 10 feet in thickness, low down in the 
Millstone-grit series, abounding in small encrinal columns, 
and other Carboniferous limestone fossils, having a texture 
and appearance so like the true Carboniferous limestone as 
to be almost undistinguishable from them. The occurrence 
of these calcareous deposits in the lower part of the Millstone- 
grit series, and the entire conformity of the whole formation, 
not only amongst its several members, but also with the 
Carboniferous limestone below and the c^ measures above, 
points to a slow and gradual change of conditions, extending 
over a wide area and lasting during an immense period of 
time, in which variations in the relative level of the land 
and sea occurred. The deep sea conditions of the Car- 
boniferous limestone period giving place to and being 
succeeded by a state of things unmistakably pointing to the 
prevalence of shallow seas, or large estuaries, in which were 
deposited, in alternating layers, coarse sandy material and 
argillaceous mud, varied in the subordinate layers by 
occasional thin bands charged with calcareous matter. 

That no violent or cataclysmic change occurred, separating 
the Toredale from the Millstone-grit periods, is also proved 
by investigating the fauna of the two formations. In the 
neighbourhood of Hebden Bridge^ where the two series of 
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deposits can eonvenieiitly be examined and studied^ it will 
be found that a remarkable similarity of life forms pervade 
the whole, such fossils as the Goniatites, Nautilus, Orthoceras, 
Posidonia, Aviculopecten, and fish remains being common to 
both, and in much the same proportion; true it is that a few 
forms are confined to one or other of the formations so far 
as yet known, but this apparent variation would in all 
probability disappear under a more careful observation, most 
of the beds having only as yet been subjected to very cursory 
examination at their outcrops, whilst others have received 
scarcely any attention whatever. The unexpected treasures 
which those have jaelded which have been thus only partially 
examined, leads to the confident hope that other important 
discoveries may yet be made in other members of the series. 

During the execution of the works carried on by the 
Corporation of Halifax, for conveying water from the 
Widdup Valley to that town, by a tunnel excavated through 
Wadsworth Moor, in the direction of W. and E., about two 
miles north of Hebden Bridge, and at a depth of 384 feet 
from the surface, a bed of fine black laminated and highly 
f ossilif erous shale was encountered, having all the appearance 
and characteristics of a true coal measure shale — ^indeed so 
striking is the resemblance, that credulous but badly advised 
people have on several occasions been induced to embark in 
the fruitless efibrt of discovering coal therein, with of course 
the usual disappointing resultsK-on splitting open this shale 
the surfaces reveal the presence of multitudes of fossils, 
some of wliich are very perfect and in a good state of preser- 
vation, whilst others exhibit a mass of fragments of all sorts 
ill utter confusion, Goniatites and Aviculopectens prevailing. 
A number of modem concretions are also found within the 
shale, some of wliich are rich in fossils in considerable 
varietj', from these balls the largest proportion of the fish 
remains^ the most perfect shells^ and other forms have been 
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obtained. From the debris brought out at the various 
shafts, with the kind assistance of Mr. Thomas Ashworth, 
of Hebden Bridge (who has shown very commendable 
assiduity in collecting fossils from this locality, and to 
whose kindness I am deeply indebted), I have been able 
to determine seven species of Qoniatites, three of Nautilus, 
two of Orthoceratites, two of Aviculopecten, two of 
Posidonia, one gastropod, (Melania,) one Productus, '^P. 
9emir€ticulaiu8,'* a doubtful crustacean, and six genera 
of fishes. The nodules from wheace most of the fossils have 
been obtained are generally very hard, breaking with a 
concoidal fracture, rendering it difficult to separate the 
fossils from the matrix, and often leading to their inadvertent 
destruction. 

The stratum referred to, occurs near to but a little above 
the middle of a thick series of shales and rock binds, dividing 
the third from the fourth, or Kinderscout grit, according to 
the Geological Survey; or, as classed by Mr. James Spencer, 
of Halifax, between the third and fourth, or Pebbly grit, a 
group of strata which, according to Mr. Spencer's computation, 
has an aggregate thickness of about 450 feet. 

Amongst the fossils exhibited, I woxdd particularly draw 
attention to those remains of a fish, new to science, of the 
genus Acrolepis, and which are in a beautiful state of 
preservation, although in a somewhat fragmentary condition, 
I have, however, been able to restore, with a certain degree 
of completeness, the heads and a considerable portion of the 
bodies of two separate fishes. It will be noticed that in one 
specimen the head is preserved, with the exception of the 
extreme end of the mouth, and about one third part in 
length of the body, the head plates are beautifully preserved 
and exhibit the sculpturing upon their surfaces with marked 
distinctness. This specimen shows the under side of the 
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fish, on the right side are the remains of a pectoral fin, and 
on the left several small elongated plates, two of which are 
probably jugular plates, and on the under side are two large 
plates, one or both of which are opercular plates. Another 
specimen displays the head of a fish, smaller than the 
preceding, but beautifully ornamented, on the jaw on the 
right side of this specimen a small tooth is exposed, in shape 
not imlike that of a Pabeomscus, but more swollen at the 
base. The other specimens exhibit the central portions of 
the body of two distinct fishes, one exhibiting near one end 
of the slab a portion of a fin or tail. The scales of this fish 
are rhomboidal in shape, and profusely sculptured, having a 
number of distinct ridges and furrows, varying from seven 
to fourteen, according to position on the body of fish, 
traversing them almost parallel with their longest axis, and 
nearly in a line with the body of the fish, these ridges have 
a strong tendency to bifurcate, and not unfrequently further 
subdivide into two or three branches, these often again con* 
verging and becoming re-united. 

AcROLEFis is classed by Agassiz among the family 
Sauroideiy it is a ganoid fish, possessing an imequally lobed 
or heterocercal tail of large size, which admirably fitted it for 
rapid motion in following its prey, or in otherwise pursuing 
its predaceous habits. This genus of fish has been figured and 
fully described by the late Prof. Agassiz, in his " Poissons 
Fossiles," vol. 2, plate 62, under the name of " Acrohpis 
Sedgtcickii,*' the specimen having been obtained from the 
Magnesian limestone of this country; Prof. King also 
gives a figure of ^'Acroiepis Sedgtckkii," from the same 
formation, in his " Permian Fossils of England," published 
in the Transactions of the Palaeontographical Society ; and 
Prof. McCoy, in his " Palaeozoic Fossils," plate 3 G, fig. 10, 
has also given a figure of the scales of this genus, under the 
title of " Acrolepia Hopkinsi," from a specimen in the Cam- 
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bridge Museum.* Througli the kindneBS of Mr. Davies, of 
the British Museum^ I, have had an opportunity of carefully 
examining another specimen^ formerly in the possession 
of M. de Koninok, from the Carboniferous limestone of 
Belgium. The scales upon which, although approaching 
nearer to my specimens, in the character of their orna- 
mentation than the figures given by Prof. Agassiz or Prof. 
King, are yet, I feel confident, sufficiently distinct to 
constitute a specific difiference. 

It may appear strange, but so far as I could ascertain, our 
national collection does not contain a single specimen of this 
genus of fish from any of the British deposits. 

It will thus be seen from this recent discovery that 
Aerolepis has a range co-extensive with the Carboniferous 
system, extending from the Mountain limestone through 
the Millstone grit and Coal measures into the Permian, in 
the latter of which formations it. appears to have attained 
its maximum development, its remains having been found 
there more plentifully, both in our own country and on the 
continent, than in any of the older members of the system. 
In the Coal measures proper it appears to be comparatively 
rare. 

It is not, however, my intention to make the least 
attempt at giving a scientific description of the specimens 
exhibited, my object being limited to bringing the discovery 
of these rare fish before the notice of the Society, to give a 
general idea of their appearance and characteristics, and 
point out the locality in which they were found with the 
geological position they occupied. I hope shortly to place the 
specimens in the hands of an investigator thoroughly com- 
petent to figure and describe them to the scientific world. 

• "It abounds in some parts of the black impure beds, intercalntnl 
between the Carboniferous limestone and overlying shale of Derbyshire." 
Prof. McCoy, PaL Fos., p. 609. 
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In order to give a clearer and more definite idea of the 
exact position occupied by the shales from whence the fossils 
were obtained, I re-produce Mr. Spencer's section of the 
Millstone-grit series, in the parish of Halifax, given in the 
transactions of this Society, YoL IX., part 1, page 69^ com- 
mencing at the Bough-rock : — 



No. 1 GWt. Rough-rock 100 

Shales 300 

No. 2Ghit. Grey Grit of Rocking-stones 80 

Shales 360 

No, 3 Grit, or Galliard-rock, with coal strata • • • • 100 

Blue shales 450 

The fossils were found in these shales 
about 200 feet from the top. 

No. 4 Grit. Pebbly Grit 120 

Toredale strata 600 

Only a portion of the strata, overlying the f ossilif erous 
shale bed was passed through in sinking the shaft at the 
place referred to. 

Descbipxion of Fossils. 

No. 1. Head of Acrokpia — specimen exhibiting one tooth 
and finely sculptured head-plates. 

No. 2. Head (except the snout) and part of body of 
Acrolepis — specimen showing the under side of 
the fish. On the right side remains of a pectoral 
fin ; on the left, several elongated jugular plates ; 
and on the under side two opercular plates. 

No. 3. The central portion of the body of Acrolepia — 
specimen showing fin rays near one end of the 
slab ; both sides of the fish exposed ; the scales 
lYell preserved and in position. 
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No. 4. Central part of body of Acrolepis. 

No. 5. Portion of fin rays of Acrolepis. 

No. 6. Portion of Acrolepis, exhibiting very distinctly the 
mode of attaclmient and interlocking of the scales. 

No. 7. Spine of Bhinodm Hibberti f 

No. 8. Lower portion of the tooth of Ctenacantkus hyboides f 

No. 9. Part of the body of Acanthodes. 

No. 10. Detached scales of Acanthodes. 

No. 11. Pabeoniscus. Detached scales. 

No. 12. Teeth of Cladodus. 

No. 13. Ooniatitea — ^very thin and discoidal. All from the 
lower portion of the millstone grit shales^ Wads- 
worth Moor. 

No. 14. Tooth of StropBodus. 

No. 15. Tooth of Cladodua. 

No. 16. Spiri/er pinguis. 

No. 17. Corallines. 

No. 18. Encrinital ossicula. 

No. 19. Annelid barrows. From a bed of grey UmestonCi 
millstone grit, North Clapham, Yorkshire, 



On the motion of Mr. J. Knowles, seconded by Mr. W. 
Boyd Dawkins, the thanks of the Society were voted to 
Mr. Aitken for his yaluable paper. 

Mr. Boyd Dawkins said: I am very glad that such 
an admirable discovery has been brought before us. It 
seems to me very important to have extended the range 
of the genus Acrolepis so low down in the British 
carboniferous rocks. So far as I know, to the time of 
this discovery, it had not been found so low as this horizon. 
There is one point about which I would like to ask Mr^ 
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Aitkeu a question: that regarding the Ctetmcanthus, the 
liipeoimen exhibited is so like Cladodm that I should bo 
inclined to put it down to that genus. 

Mr. Aitken: It is a rather doubtful definition, and I 
adopted it with some hesitation. The name for this specimen 
was given me by Mr. James Thompson, and I reUed on bis 
judgment rather than my own. 

The Chairman : There is no reason why this fossil fish 
should not be extended low in the millstone grit series-^-even 
to the bottom of it. As far as my observation extends, the 
whole millstone grit, quite independently of these fossil 
remains — is undoubtedly conformable both with the car- 
boniferous limestone below and with the coal measures above. 
The finding of fossil shells like the Nautilus^ ChnioHtea 
and Dimtes is to some extent new, so low down in the 
series, hitherto the horizon for these shells has been near 
the upper foot coal, which overlies the gannister coal ; and 
for many years it was supposed that they did not occur 
higher in the series than the mine which lies some 
forty yards above the last-named coal. When the geolo- 
gical survey was going on in this part of the country, 
Professor Hull and Mr. G. H. Green, in 1861, discovered 
some of these fossils higher up in the series-^ in the 
upper part of the middle coal measures which overlie the 
great and Roger mines at Ashton-under-Lyne — showing 
such a wide range that they may yet be foimd throughout 
the whole series of the coal measures to the moimtain lime- 
stone. Mr. Aitken has found a thin bed of mountain lime- 
stone, if he could penetrate a little deeper I have no doubt 
he would find more limestone. There is not a complete 
section of these strata down to the limestone in the Hebden 
Bridge valley ; but if we make an examination, say between 
Bury and Sabden over to Chatbum, we find, as we get deeper 
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into the Yoredale Beries, thin banda of limestone first begin 
to appear, then occasionally they get to be about a foot in 
thickness. I think what Mr. Aitken has described is quite 
in accordance with what we would have expected, and it is 
pleasing to find that these fossil remains from the millstone 
series confirm all the yiews that we had preyiously enter* 
tertained upon the subject. 

Mr. Plaint : It is rather remarkable that the late 
Mr. GKbson, the geologist, of Hebden Bridge, who was 
credited in his day to have exhausted any chance of 
further finds in the fossiliferous Yoredale shales, should 
have &iled in discovering any fishes in the shales in 
that district. Mr. Gibson was a man of remarkably keen 
perception in hunting after fossils, but no Aorolepis was 
ever brought to light by his labours. It is a very happy 
discovery for Mr. Aitken that he should have found such a 
rich fossiliferous band in the Kinderscout grits, which 
have hitherto been regarded as barren over the high 
moors of Lancashire and Yorkshire, and it gives us 
better hopes of making Lancashire more interesting 
in the fossils of its extensive series of carboniferous 
rocks. I believe these fishes, AcrolepiSy have been found 
in the lower coal measures at Newcastle-on-Tyne by 
Mr. Barkas, who has figured the teeth and jaws. It will 
be a very fortunate thing for Mr. Aitken if he can 
continue his researches at Hebden Bridge for some time 
longer, and obtain other specimens of its treasures. I do 
not think very much of the fossils from the limestone 
band low down in the Millstone grit, although the occur- 
rence of a limestone band in Millstone grit is in itself of 
considerable interest, the fossils are ordinary species, well 
known in the Yoredale shales. With regard to Mr. 
Dawkins's remark, I wish to say that I have a disbelief in 
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the reoognition of specifio cliaracic^rs of fishes of the coal 
measures from their teeth alone. I have now a collection 
of between one and two thousand teeth, and the closer I 
examine the variety of forms and markings upon teeth so 
grouped together as to lead to the belief that they belonged 
to one jaw, the more cautious I become in regarding as 
of any value species, differentiated from isolated specimens 
of teeth. 

Mr. Wild; This is a very fortunate discovery, but the 
Acrolepis has been found before in the Arky mine at 
Burnley. I e^bited a very fine specimen when the 
British Association met in Manchester ; it was new, but it 
WAS decided to be Acrokpis, by the best authorities. 

The Chairman : That was the last discovery of a fossil of 
this genus which you know of in the Arley mine at Burnley, 
which corresponds, I suppose, with the Arley mine at 
WiganP But Mr. Aitken's discoveries go very much lower 
--'many hundred yards lower— in the series than that. 

Mr. Wild — ^It is a surprise to me that Mr. Aitkeu 
should have discovered them there. It has, as Mr. 
Plant says, been considered barren ground, because the late 
Mr. Gibson, of Hebden Bridge, never met with fish scales 
there. It may be that, taking a much greater interest in 
fossil shells, he did not recognise fish scales, even of 
Pakeonisctis, which has been found there in later years. 

Mr. Aitken: The scales of Acrokpis are distinct from 
Palceoniscus in size, structure, and appearance. I must observe 
that the reason Samuel Gibson never found these remains 
was, no doubt, because these specimens were found 800 or 
1,000 feet above the valley where he used to work. He 
worked in the Yoredale series in the bottom valley ; these 
were found on the top of Wadsworth moor^ at a considerable 
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elevation^ they wotdd not have been brought to light now 
but for a tunnel being driven through Wadsworth moor, 
from which the fossils were excavated, so far as I know, 
they have never been found anywheie in the district except 
at this point and under these circumstances. With regard 
to the variety of teeth that Mr. Plaut has alluded to as 
occurring in the mouth of some fishes, I quite agree with 
him. Doubtless a great variety of forms do exist in the same 
individual, but with regard to the Diphdus, it is doubtful 
whether it is a tooth or a dermal scute, more than one 
palaeontologist holds the opinion that it is not a tooth. This 
newly-discovered fish, as far as I know, is not figured. I 
believe it to be an entirely new sped^es of Acrokpts, At the 
British Museiun, I had an opportunity of examining and 
comparing this specimen with their specimens of Acrolepis. 
One from the mountain limestone of Belgixun approaches it 
most nearly in sculpture aod character, but this is, as I have 
stated, in my opinion sufficiently distinct to make it out to 
be a new species. 

The reading of a paper on Pbat Fuels, by Mr. J. Plant, 
was, with the consent of the meeting, postponed until the 
next Ordinary Meeting. 



Pbojected Chart of Ebratic Blocks o^ Ekqland 

Ain) Wales. 

Mr. Boyd Dawkins said : I wish to lay before the Society 
a resolution which was passed by the British Association 
at the Bradford Meeting in 1873, and which has been 
formulated for distribution throughout the country in the 
following circular :— - 
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BBTIISH ASSOCIATION FOB THE ADYAK< 

OF SCIENCE. 



BOULDBK COMMITTBB. 



Bbae Sm, 

At the last meeting of the AsBodation the f oUowing resdatioa 
WB8 passed :— 

** That Ftofesaor Harkness, Mr. Prestwich, Ftofeesor Hughesy 

" Rev. H. W. Croaskey, Mefisrs. C. J. Woodwaxd, W. Boyd Dawkma, 

« Oeorge Maw, L. C. Miall, G. H. MortoDy and J. E. Lee be a 

« Committee for the purpose of recording the position, height above 

« the sea, lithological characters, size, and origin of the more impor- 

" tant of the Erratic Blocks of England and Wales, reporting other 

*' matters of interest connected with the same, and taking measures 

" for their preservation ; that the Bev. H. W, Orosskey be the 

" Secretary, and that the sum of £10 be placed at their disposal for 

" the purpose." 

On behalf of this Committee, I beg respectfully to request your kind 

assistance in making the investigations entrusted to them; and forward a 

printed form on which the inf onnation desired may be recorded. I shall be 

greatly obliged by the receipt of any communication with which you may be 

able to favour the Committee at as early a date as possible. 

Very respectftilly, 

Hbioit W. Cbosbxbt, 

Secretary. 
28, George-road, Birmingham, 

, 1874. 

The Association has appointed this Committee for marking 
down on a map the position of the large boulders in this 
country, so that the exact track of the ancient glaciers may 
be ascertained in the same way as is being done in Switzer- 
land and the south of France. In order to do that, the 
Committee haye circulated forms containing a number of 
questions, and they would be glad if gentlemen interested 
in the matter would supply information with reference to 
the boulders in this neighbourhood. The filling up of such 
forms is of the utmost Talue< When I was at the Associa« 
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tion for the Promotion of Science, at Lyons, last autumni 
I saw a magnificent map, showing the track of glaciers 
from the Alps, for 300 miles, into France. They were 
traced as truly as if anyone had seen them, carrying down 
gravel and bonlders, on their way. It was by circulating 
queries like these that they were able to construct such 
a map. 

The CHAimiAN : Members of the Society who do not 
believe in the glacial theory need not be afraid to furnish 
the information asked for, because the Committee do not put 
it as though the boulders had been transferred by glaciers, 
but "by some natural agency" more or less remote. So, 
whatever the agency, the notes will show in what direction 
the drift has gone. 

Mr. Plant said it was of great importance that accurate 
information on this subject should be obtained. There 
was in the public park at Macclesfield the largest glacial 
boulder in the North- Western Counties. It was said to 
weigh 30 tons. The inscription wrongly described it as 
being " a block of Bavenglass granite." It was, however, 
a piece of amygdaloid trap, as different as possible from 
granite. The forms issued by the Boulder Committee 
showed iihai their attention was directed to the great value 
of a true recognition of the petrological characters of each 
of the boulders, so that if possible they might all be traced 
back to the parent rock in situ. 

The following are the questions to which the Committee 
require answers, and members of the Society residing in 
the country may have their attention drawn to any local 
boulders, and probably be able to supply important infor- 
mation respecting them to the Committee of the British 
Association : — 
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Jiitittsh ^804tatt0tt ffit tin Mvmtpi^ni of S^mtit^. 



BOULDEE COMMITTEE. 



If th$r$ we in ytmr LUtrict amy (A) Isolatxd Ebbatic Bloou or 
BouLDBBSy or (B) Gboups of Bouldbbs— i.e., Maua of Bock, §oidmtljf 
tranaported hy natural agency from aome locality more or lees remote— pleaee 
return thie paper, with antwere to the following Queries, to the Ret. H. W. 
CBOSSKEY, Secretary to the Boulder Committee, 28, George Soad, Birmingham. 



(A) ISOLATED BOULDEES. 

1. What is the name of the Parish, Estate, and Farm on which Boulder 

is situated, adding nearest Town, and County and any particular 
enahling its position to be marked on the Ordnance Map P 

2. What are the dimensions of Boulder, in length, breadth, and heighty 

above ground P 

3. Is the Boulder rounded, subangular, or angular P 

4. If the Boulder is long shaped, and has not been moved by man, what 

is direction by compass of its longest axis P 
6. If there are any natural ruts, groovings, or striations on Boulder, state— 
(a) Their lengths, depth, and number. 
(fi) The part of Boulder striated, viz., whether top or sides. 
(0) Whether the striations are in the direction of the longer axis, 
or at what angle to it P 
6. What is the nature of the rock composing the Boulder P If it is of a 
species of rock differing from any rocks adjoining it, state locality 
where, from personal observation, you know that a rock of the same 
nature as the Boulder occurs, the distance of that locality, and its 
bearings by compass from the Boulder. 
7* If Boulder is known by any popular name, or has any legend conneciod 
with it, mention it. 

8. What is the height of Boulder above the sea P 

9. Is the Boulder indicated on any map, or does it xtiake any boundary of a 

County, Parish, or Estate P 

10. If there is any Photograph or Sketch of the Botilder, please to say ho^ 

Committee can obtain it P 

11. Is the Boulder connected with any long ridges of gravel or sand, or 

is it isolated P 

12. Upon what does the Boulder rest P 
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(B) GROUPS OP BOULDERS. 



Though then nuiy be m one Boulder in your dUtriei io retnarhahU ae to 
deooTfo deeeryttumf there may he Groupe of Botdden, 



1, Wliat is the ziame of the Parish, Estate, and Farm on which they 
are situated, adding the nearest Town, and County, and any particular 
enabling their position to be marked on the Ordnance map F 

3. What ave the dimensions of the smallest and largest Boulders of the 
group F 

3. Are the Boulders rounded, subangular, or angular F 

4. If any large Boulder of the group (which has not been moved by man) 

is long shaped, what is direction by compass of its longest axis F 

5. If there are any natural ruts, groovings, or striations on any Boulder, 

state— 

(a) Their lengths, depth, and number, 
{b) The pa^ of the Boulder striated, viz., whether top or sides. 
(e) Whether the gtriations are in the direction of the longer axis, 
or at what angle to it F 
0. State (a) localities where rocks imdoubtedly of the Bame nature as 
Boulders occur. 
[Be eareful to oieertain that none of the Bouldere have been brought 
from a dittance by human agency,'] 
iji) The distances of those localities and their bearings by compass 
from the Boulders F 

7. What is the nature of the Rocks composing the Boulders ; and in what 

proportions do the Boulders of the various rocks represented in the 
group occur F 

8. What is the height of the group above the sea F 

9. Over what area does the group extend, and what number of Boulders 

are there in the group or per acre F 

10. Are the Boulders exposed on the surface, or are thoy surrounded by 

any deposit F Add any observations explanatory of the position in 
which the Boulders are found. 
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At the Obdinart Meeting of the members^ held at the 
House of the Literary and Philosophical Society, on 
Tuesday, 24th February, 1874. 

John Enowles, Vice-President, in the Chair. 

The following donations were announced : — 

Prom Dr. F. Y. Hayden, TJ.S., (Geologist, Washington, D.C. 

'' Contributi(ms to the Eztinot Vertebrate Fauna of the 
Weston Territories," 4to. 

Vol. I., ** Fossil Vertebrates," by Prof. Joseph Leidy. 

Vol. v.. Part I., '* Acridids of ITorth America," by Cyrus 
Thomas, Ph.D. 

^'Ph>files, Sections, and Elustrations to the final Eeport 
of the Chief Geologist of the Survey of the Terri< 
tories," 4to, 1872. 

^* Sixth Annual Beport of the U.S. Geological Survey of 
Montano, Idaho, Wyoming, and Utah in 1872, 8to, 
1878." 

From B. T. Cox, State Geologist, Indianopolis, Indiana. 

« Third and Fourth Annual Beports of the Geological 
Survey of Indiana in 1871-2," 8vo. 

« Case of Maps to the above." 
From Veiplanck Colvin. 

** Beport on the Topographical Survey of tho Adirondack 
Wilderness of New Yorl^'' «vo, 1873, 



From the Board of Eegents. 

<< Annual Eeport of the Smithsonian Institution Ifar the 

Year 1871," Svo- 
'< Archives of Science of the Orleans County Sooietyi 

Vermont, U.S." Nos. 4, 5, 8to., 187 1'2, 



Mr. J. Plant, on behalf of Mr. Spencer, exhibited several 
portions of fossil bones of the mammoth, Elephas pritnigenius, 
which had been taken from the debris of a cayem recently 
discoYered in the limestone quarries belonging to Mr. E. G. 
Spencer, of The Willows, Crossbills, near Skipton. The 
specimens were in a fragmentary state, the limestone efebria 
having to be broken up, and the bones were very tender and 
wet ; the largest was a portion of tusk about eight inches 
long, the next was about five of the transverse plates of an 
upper molar, the others being fragments of tusk. Many 
others were obtained at the same time. The cavern has 
had to be made inaccessible on account of the workings in 
the quarry, when it is reopened great care will be taken 
by Mr. Spencer to extricate the remaining bones as perfect 
as is possible. The site of these extensive quarries is 
midway between Foulridge and Kildwick Stations, about a 
mile from the border of Lancashire. The limestone is a 
lower stratum than that worked four miles north at 
Skipton. 

Mr. AiTKEN moved a vote of thanks to Mr. Spencer for 
his communication, which he said was . important. He 
trusted that at the reopening of the cavern some members 
of the Society might visit it and take careful observations 
of the points of scientific interest belonging to it, for it was 
likely to present some important feature if seen in an undis- 
turbed state. 

Mr. Li\t:sey seconded the motion, which was passed. 

Mr. Plant read a paper on the Peat Fuels and other 
manufactured fuels exhibited in the Feel Park Exhibition. 
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PEAT FUELS AND THEIR ECONOMIC VALUE. 

By. Mb. J. Plant, F.G.S. 

The formation of peat may be looked upon as one of the most 
striking physical features of the geological changes at present 
in progress. There exist abundant proofs that in most cases 
tur&, mosses, bogs, peats, turbaries, and morasses — as they 
are locally called— occupy ground upon which vast forests 
of oak, pine, elm, ash, birch, willow, and other trees were 
gro¥ring at a comparatively recent period, probably not 
more remote than the age of the oldest stone weapons (the 
palsdoUthic), in all cases certainly of more modem date than 
the aUuTial deposits of drift of the later quartemary age. 
Their situation is in no way peculiar, as they are found aUke 
spread over the plaiB. tiie WgT^r, and tie sununit of tixe 
mountain, resting on, glacial clays,* gravels, littoral, and 
alluvial sands, and even directly upon the bare rocks. Peats 
and mosses thrive better and grow with greater rapidity 
on low rather than on high ground, and owing to this fact 
thiei bogs which are situated upon mountain tops and slopes 
rarely exceed six feet in depth ; whereas the bogs of the 
plains and lowlands are found to attain a depth of from 
50 feet to 80 feet. 

The surface' covered by peat beds in Englaud is consider- 
able and widely scattered, except in the Midland Counties. 
It is much greater in Scotland, but most extensively seen in 
Ireland. Mr. O'Hara (Dublin Quarterly Journal of Science, 
voL 4, |>. 261) estimates the peat bogs of Ireland at 1,676,000 
acres occupying the limestone plains, and 1,255,000 acres on 
the hills and ikiountains, showing a total of 2,831,000 acres 
of 'turf and bog. If we take as an approximating fair 
estimate of the peat bogs in Great Britain 3,600,000 acres, 

* Principal Dawson {^* Arcadian Qeology" p. 68) says at Capo Breton the 
peat litel)6low a bed of boulder clay. 
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we find a total extent of peat in the British Ides equal to 
in round numbers 6,000,000 acres; and if we accept an 
average thickness of 12 feet deep over this enormous area, 
and each acre as capable of supplying 12,000 tons of peat 
fuel, we may justly regard this as a powerful auxiliary to 
keep up the steam-producing power of Ghreat Britain, and 
to some extent help to stave off the day of the exhaustion ol 
its coalfields. 

On the Continent, especially in the north, extensive 
tracts of country are covered with beds of peat, and even in 
the southern parts of Europe peat beds of great mxe and 
depth are found, stretching along the shores and right into 
the sea, from the subsidence of the land. In the United 
States of North America, in Orleans County, Vermont, the 
peat deposits are more than 100 feet deep of preglaoial age ; 
in Canada, and the colder parts of the world generally, peat 
beds and morasses occupy vast tracts of country, but in the 
tropical zones the decay of vegetable fibre after life has 
ceased is too rapid to permit of the formation of peat. 

Peat is simply vegetable matter partially or wholly 
decomposed, and in no sense of scientific technology can it 
be regarded as a mineral, like lignite or coaL Numerous 
species of marsh plants have helped in its formation, but 
the btdk of peat in northern latitudes is formed by a species 
t>f sphagnum (sphagnum paluatre), or bog moss. These 
mosses deUght in exposed and wet situations, and each year 
throw out new shoots at their upper parts, whilst the lower 
parts are decaying and being converted into peat. Liters 
of trees are not imfrequently found in beds of peat, showing 
the fact that forests grew on the site, and probably by their 
fall obstructed the drainage, and thus primarily caused the 
mosses to grow, and the peat to form. 

The growth of peat varies greatly, in some places a bog 
has been known to increase two inches in depth in a year, 
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bat ilie greater number of peat beds are of slow growth. 
Wbere water is abundant tiie whole of the peat may become 
a floating mass of long interlaced ligneous fibres of plants 
resting upon a soft yielding deposit of humus; and after 
heayy rain the whole mass may burst over its boundaries 
and overwhelm the fertile lands lying below, as is on record 
80 often the case in Ireland. 

Although bogs and mosses are mainly alike in their 
general characters, yet there are differences between them, 
and much difference between the peat cut at different depths 
of the same bed. Near the surface, and frequently for a 
depth of about five feet, the ligneous fibre is perfectly dis- 
cernible, and from thence downward to a variable depth the 
vegetable fibres may be traced through various stages of 
decay, until at the bottom of the deposit all traces of vege- 
taUe fibre are lost in the complete decomposition which has 
been brought about by time and chemical change. The 
denser portion, which forms the lower stratum of a bog, is 
the most valuable ; it is easy to work, and when dried it 
abounds in inflammable materials, it makes the best fuel, 
and bums like a bituminous coal. The peat of the high 
moors and mountains is generally more impure than the 
peat of the plains, owing to the amount of disintegrated 
rock which, from atmospheric influences, gets disseminated 
through the peat; then it is harder and tougher in fibre, 
owing to its slow and stunted growth ; all of which lessen 
its value as a fuel. 

The chemical nature of the change by which peat has been 
produced from mosses is probably very similar to that by 
which bituminous minerals have been formed from analogous 
materials. It consists chiefly in elimination of oxygen and 
hydrogen in the proportion to form water, also of oxygen and 
carbon to form carbonic acid, and of hydrogen and carbon in 
the proportion to form marsh gas and other hydrocarbons^ 
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the main feature of this change being the increase in the 
amount of carbon in the residual substance — ^the varieties 
in peat depends upon the extent to which this change has 
advanced^ peat when slightly altered approximating to the 
texture of ligneous tissue or wood — and with greater 
alteration approximating to that of lignite, coal, or other 
bituminous minerals^ both in physical characters and in com- 
position; probably if deposits of peat were placed under 
conditions such as those iu which coal has been produced, 
peat might in process of time become converted into coal. 

When the land was covered with forests, wood was the 
cheapest fuel, but as in the course of time it became scarce, 
peat and coal were the substitutes, coal was preferred as it 
was cheap, compact, and at once ready for use; but in 
countries where coal is scarce peat has long been the only 
available fuel for domestic and general consumption, and 
is used most extensively in blasts, forges, smelting ores, 
and for locomotives. In Holland the making of peat fuel 
is a great and lucrative industry ; above 40,000,000 tons 
of hard peat fuel are made* annually, and £140,000 is paid 
to the Dutch Government as excise duty eveiy year. 

In that country peat is divided into four classes, vis. :— 
"Long Turf," a dry, light, and very fibrous material 
obtained from the high fens, which is cut into long slabs 
and air dried — ^this sells for prices varying from thirteen tO 
nineteen shillings the English ton ; " Short Turf,^' obtained 
by dredging the water-covered turbaries, it is well kneaded 
by treading it under the wooden sabots of the workmen, cut 
into short bricks, air dried, and sold to the hotels and upper 
classes from fourteen to nineteen shillings the ton ; " Derrie 
Turf,'' obtained from the coasts lying under the sand dunes 
— about the same value as the preceding; and, lastly, 
"Rahder Turf," a machine-manufactured peat fuel, produced 
by a process similar to that described in the Clayton process. 
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The cost of making Bahder peat fuel is six shillings and 
sixpence the ton, it pays a heavy excise duty and sells for 
about ten shillings per ton at the works, and nineteen 
shillings the ton at Delft, about 100 miles from the works. 

Whether peat fud is applicable to the same purposes in 
England as coal and wood is a question that never has had a 
chance of being practically tested, in consequence of the 
enormous and cheap supplies of coal ; but with the present 
great advance in its price, and with a prospect of its main- 
taining a high price in the future, it may be possible that 
those interested may yet be compelled to turn their attention 
to the greater economy in using peat fuel, and they may 
then discover that its excellent merits, which have long been 
known and passed beyond all question with the great users 
of fuel on the Continent, are not to be despised. 

The most serious obstacle to the useful application of this 
fuel upon an extensive scale arises from the large amount of 
water held in the peat in its natural state, and in the practical 
difficulties of efifectually separating this water by any quick 
heat drying processeSi The hydroscopic water retained in aU 
air-dried peats is also prejudicial to its Utility, for when the 
water is s^arated by drying the peat in thin bricks, there 
still remains from 15 to 30 per cent, of moisture in the 
air-dried {teat fuel, when air-dried peat is exposed to a 
teni{>erature of boiling water, it generally loses from 15 to 
30 jper cent, of its weight, chiefly consisting of hydroscopic 
wat^r> and volatile products ; at higher temperatures peat is 
entirely decomposed and utterly ruined in all its qualities as 
a peat fueL 

Every scheme by which the peat is stibjected to high 
pyessiire, or in i^hich direct heat or heated aiir is used, ill 
order to rid the peat of its superabundant wetnessi hds failed 
to produce a peat fuel of any commercial value, and most 
of such schemes have resulted in proving that it was next to 
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impossible by saoh means to maim&otiire an eoonomical 
peat fueL There exist already above one hundred 
patents for the making and oonyerting raw peat into 
fuel for steam and domestic uses, and of these not more 
than half a dozen ever attempted to work upon a soale so 
large as to prove their practicability. 

The favourite methods with inventors of treating the 
crude peat have been compression by hydraulic power, 
separation of the vegetable fibre from the matrix, 
maceration, grinding, and rapid dr3ring by heated air. 
These modes of dealing with the peat are all liable 
to failure from various causes. Generally peat will yield 
an average of 70 per cent, of water, and any process 
that aims to get rid of the water in a rapid manner 
has been found not to answer. The application of a high 
degree of heat seems to overbake the peat and rob it of a 
large amount of its calorific value. The attempt to abstract 
the ligneous fibre from the humus of the peat was a costly 
experiment to deprive the peat of its most substantial and 
valuable material for the purposes of fuel 

The following is a description of the peat fuels and pro- 
cesses of manufacture in the Exhibition : — ^The exhibits of 
Meesrs* ClayUmy San, and Howlett, are the most extensive and 
complete. It includes a full-sized machine for preparing 
peat for fuel, a model of the drying shed, and drawings of 
machines for making lignite fuel, charcoal, and compressing 
machinery for forming waste and slack into blocks of coal^ 
specimens of peat fuels and products made from peat by the 
Clayton process are also exhibited from the following places: 
Highland peat fuel, South Morar (west coast Inverness-shire, 
a field of 900 acres of peat, calculated to supply 2,625,000 
tons of peat fuel) ; South of Scotland peat, Kirkconnel Moss ; 
Ulster peat fuel, Clenravel, township of Cargan; London 
Lead Company, Middleton-in-Teesdale ; Dunlewey peat 
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(eoimty Donegal) ; Dublin peat fuel, Huddersfieldy Holstein 
lignite, and Fenns Bank Moss, near Whitchurcli. 

One of Messrs. Clajrton's macliines when in fair working 
order will in ten hours manipulate 120 tons of orude 
peaty which, after the mastication and loss of its free water, 
will yield about 25 tons of solid peat fuel. The specific 
grayity of the peat fuel, when ready for use, is only about 6 
per cent, less than that of ordinary coal, this method of 
conyerting the crude useless peat into a useful fuel differs * 
materially from all the methods which have before been 
attempted. 

The process of working peat into fuel is as follows :'^-The 
erude peat is dug out and placed in trucks to the weight of 
about half a ton, the trucks run upon rails to the worksi 
and are drawn up to the platfonn of the machine by a 
horizontal windlass worked by a belt from the engine. The 
erude peat is pitched into a hoppet*, and falls into a chamber 
in which a shaft, carrying a set of screw-like blades, re* 
YoWes, cutting up the peat into yeiy fine portions, and 
liberating a good deal of its moisture, at the same time 
kneeding it over and over. In mosses where there eidilts 
stony peats that would endanger the blades and screws in 
the machine, an arrangement for screening the peat at this 
point IB introduced, and the stoHes are separated from the 
fibre and peat. 

The cylinder which forms the bed of the machine has a 
central shaft revolying, upon which aire fixed propelling 
screws, whilst a series of steel discs are so arranged upon it 
that they form a dissected double screw running in the whole 
length of the shaft. Along the bottom of the cylinder is 
fixed a row of cutting blades of hardened steel, between 
which the discs work as they reyolve, by the joint action 
of the blades and screws the peat is forced along, and is 
oanied within the reach of the discs, and at each reyolution 
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Ilie peat is brought against the cutters by the forward action 
of the discs. The peat is effectually " ijaasticated " by these 
means, and in a short time the fibre of the peat is minced 
and reduced to a pulp and brought into' a homogeneous state 
at the delivery end of the cylinder, from which it emerges 
through five openings in continuous rolls of the consistency 
of butter, thiese rolls are received on a number of rollers, 
OV^r which the peat travels ion^' a lathed tray of a portable 
size. : ; : 

A boy cuts off dielen^hs of peat which are on the 
tray from the exuding mAss, and sends the tray with its long 
rolls of peat down an il^Slined guideway, and at a convenient 
point upon the guideway tb^ rolls of peat are brought under 
the wire^cutting framC) and at one stroke are cut into thirty* 
five briquettes. The tray is then carried to the drying shed 
and left for three or four days, according to the state of the 
weather. The briquettes soon acquire sufficient fittnness to 
bear handling, and are then removed from the trays and 
stacked in open racks of special construction, where they 
remain to complete the drying process. The siee of these 
briquettes when first cut upon the tray is 7x4x3 inches^ 
and after the process of diying and induration is completed 
they are reduced to 3^ X If inches, which, when converted 
into charcoal briquettes, only measure 1^ X 1 inches» 

The rationale of this method is, simply to cut the peat into 
fragments in its raw and wet state, drain off as much of the 
water as will freely run aWay ; then masticate the fibres and 
whole mass of the peat together in the machine until it 
becomes difficult to distinguish any ligneous fibre distinct 
from the humus in which it is so entire^ mixedi By these 
means the fibre and root, which really form tiie bulk of all 
peatS) oke preserved, and yet the peat is largely deprived of 
its power to absorb or hold water, and when placed under 
mver to dry in the sheds it soon gets solid and very compact 
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ill strocture. Many practical experiments have been made 
in locomotiyea, emelting works, gasworks, foundries, and 
manufactories, in whicli the exact value and economic .useof 
this peat fuel has been tested ; and it would appear that coxf 
densed peat fuel is for many industrial purposes actuaUy 
preferable to coal. In particular, . it is found to be better 
suited for iron smelting, owing to the entire absence of either 
sulphur or phoisphorus, and in the furnaces of steamers and 
locomotiyes on account of its superior heat-generating power. 
If we are to put to the test the economic value of these peat 
fueLs, and are ready to grant their practicability where there 
is an abundance of the crude peat, as in many parts of Lan* 
oashire, the question arises as to the cost of its production 
and price in the market, calculations have been made 
leaving regard to the high price of labour and materials in 
the present day, and it is stated that for £1,700 a complete 
establishment — engine, machine, trucks, railway, drying 
sheds-— could be placed in working order on any of the Lan- 
cashire mosses, making an average of 150 tons of peat fuel 
we^y. 

DanchelTa Peat Fuel and Peat Miters for Sewage, Red 
Hoss, Horwich, Lancashire : The samples of manufactured 
peat fuel made from the light brown moss differ from other 
specimens of peat fuel in respect that the humus and ligneous 
fibre of the peat are macerated and reduced to a state of a 
fine chocolate paste. The machine consists of a long cylinder, 
in which works a shaft armed with proper cutters and discs, 
by which the crude peat is soon reduced to the consistency 
of pasty pulp and issues in a long roU, of any shape or 
diameter ; this is cut into briquettes by a wired frame, and 
the briquettes are dried in the usual way imder a covered 
shed ; in drying they lose one-half of their bulk, and in a fort- 
night areconvertedintoagood hardfine-gndnedfuel, and when 
roasted into charcoal are about one-third their original mse. 
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to D6 pfC|Mrea from dmroa pcsty wnin ins ocen nrokcn dt 
a maelmie io as to kare it in a roogh gtamilar staler and 
afterwards wdl worked ^ with erode diale tar and proMod 
into bricks hy a mooHing machine The q ua n t i ty of shale 
tar taken iq> hj the r^etaUe peat has been ccnsideraUe^ 
and gires it a thoroa^ily c a ibo ni sed appearanee. This 
gires it in bommg a roaring flame and swift conson^ition 
in the dran^t of a steam fumace ; the seecmd sample is of 
coal slack and shale tar pressed into bricks in the moulding 
machine; a third sample is composed of peat, coal slack, and 
shale tar; a loorth of steam coal (atUkraeUe) and shale tar. 

Peat Fuel and Charcoal (Peat Goal and Charcoal Com- 
pany) : The samples of this exhibit are remarkable ii| 
showing what a degree of density it is possible to effect in 
orduuuy peat by manipulation and perfect drying. Some 
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of the samples are dose grained and hard, and look like 
mahogany wood. They are carved into ornaments and 
polished. Their value as fuel and their cost are not stated. 
The charcoal made from this peat is remarkably good ; and 
the fuel made from coal dust and peat is of a crisp and 
qnick-boming character. 

Peat Charcoal, or Carbonised Peat (Mr. Joshua Eadd) : 
There are many ways in nse, or which have been proposed, 
for the profitable conversion of peat into charcoal by a direct 
and simple operation. The one shown in the samples made 
by this process would appear to have realised a con 
siderable amount of success in obtaroing an article with 
excellent qualities as a fud, and as a deodorising agent and 
filtering medium for foul water and sewage. In France this 
peat charcoal has been largely used in making gunpowder, 
under the name of charbon roux, and experiments for its 
production have been extensively made on the estates of the 
Duke of Sutherland, where 30 tons of charred peat, costing 
£11 10s. 9d. were turned out weekly. It bums with great 
heat and with but little smoke, leaving a yellowish white ash 
which forms an excellent manure. 

The model of the machine, which is applicable to car- 
bonizing peat, wood, coal, &c., shows an oven-like chamber 
25 feet by 10 feet, 3 feet high, into which the dried peat is 
carried on convenient carriages, having gratings to hold the 
briquettes of peat. The "chamber being filled, it is closed 
with iron doors so as to exclude the admission of free 
oxygen, the furnace attached is then lighted, the ordinary 
draft through the flue being employed to raise the heat. 
The heat in the chamber soon rises to between 300° and 
400**, and an artificial draught is created by jets of super- 
heated steam, forcing the heated gasee and the products of 
combustion through the uptake into the chamber, which, as 
they contain no ^ree oxygen, maka it impossible for the 
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cbarring peat in the chamber to take fire. The fuel 
used in the furnace is peat, and it supplies the gases forced 
into the dosed chamber. These heated gases are allowed to 
escape through openings at the base of the first chamber, 
and are then utilized by passing them into a second 
chamber filled with briquettes of peat. By means of 
these contrivances, peat is carbonized at the lowest possible 
temperature, which to a great extent acts in retaining the 
volatile matters, and leaves the peat very rich in hydro* 
carbons, peat thus prepared produces a gas of illuminating 
power of about 22 candles, and from 6,000 to 9,000 cubic 
feet per ton, leaving 33 gallons of a tarry oil, and 42| 
gallons of water containing acetic acid. The charcoal which 
remains after the gas is taken off contains only a trace of 
sulphur and no phosphorus, and is valuable for smelting 
purposes. It is estimated that a ton of peat charcoal can be 
produced by this method at a cost of 138. 6d., and the peat 
fuel is of considerable commercial value. 

Eichome Process for Condensing Peat^^UdSl Peat-^(Mr, 
A. Pelly) : In this machine the crude peat is reduced to 
a state of pulp. It is carried through a hopper into a 
horizontal cylinder having a shaft armed with a number of 
arms like an Archimedian screw, rotating veiy rapidly, by 
which the fibre is most effectually broken and a large amount 
of moisture released. The pasty pulp is forced through a 
circular opening, and is cut into suitable lengths by a 
rotatoiy knife, these lengths f aU into a truncated cylinder, 
and in revolving are made to assume a rough spherical form, 
and are then conveyed into the drying shed. The specimens 
of peat balls are hard, clean, and of convenient size ; bum 
with a bright flame, and give an excellent heat, even getting 
up steam rapidly, and making but a small omoimt of smoke, 
sulphur, or ash. Their calorific value when compared with 
coftl is— coal, 1*00 ; ball peat, 1'37, This process of peat 
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compreesing is largely carried on in Germany and Sweden. 
It can be sold at Gs. per ton> and a ton and a half is equal to 
the work of a ton of coal. 

Peat Fuel (Mr. Bobert Kerr Aitchison) : This peat is 
broken up in a machine^ by means of which it parts with a 
great deal of its water. It is then manipulated in a masti- 
cator, and finally, broken asphalt is mixed in the mass, it 
is then shaped into briquettes and dried under sheds. Its 
specific weight is less than most other made peats; the 
addition of asphalt adds to its cost, but gives it a greater 
value for steam and furnaces. 

Condensed Peat (Mr. C. E. Bambridge) : The peat is 
pulped and shaped into long briquettes, which, when dry, 
make a compact and hard fuel, of excellent calorific quality. 
The charcoal made from this fuel is pure and valuable. 

Hand-manufactured Peat Fuel (Carrington Moss Feat 
Fuel Company) : This peat is the only one which exhibits a 
fuel made from crude peat by hand process alone. The 
samples are in the form of small bricks of umber colour, and 
retain a larger per centage of moisture than do the machine 
peats. It bums with a poor flame, and its calorific quality is 
not very high, from its want of a more compact density. 

BueklofuPs Patent Peat Fuel: One of the methods of 
making a peat fuel of excellent quality was followed for a 
time in Oounty Leitrim, Ireland, by Mr. Buckland's patent, 
1861. The peat was very findy treated in a machine having 
a strainer for the fibre, and the moisture was evaporated by 
a high heat. The process is as follows : — ^When the peat 
is dug from the bog it is thrown into a hopper, beneath 
which is a strainer formed of perforated metal ; and within 
the strainer is an archimedian screw ; at the bottom of the 
strainer is a small opening through which any very coarse 
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imdecompoaed roota and fibres^ i^ucL will not pus tlir q u^ 
the perf orationA of the strainer, &I1 into a waste pipe ami 
are rejected, or may be used for any purpose not reqiiirm^ 
superior fael. By tnmiTig the screw within the strainer the 
small fibres arc cut up by the sharp edges of the pearfontted 
metal, through which they pass with the decomposed pozt 
of the peat, with which they thus become aaeamilated. A 
strainer of two feet in diameter, with perforatians of one- 
eighth of an inch diameter, and fifteen to the aquaie fneh, 
contains about 12,000 holes, which are equal to an aggregate 
aperture of a square foot ; a strainer of this size wilL dis- 
charge about eight tons of peat per hour, or nearly 100 tons 
in twelve hours. The decomposed peat protrudes through 
eyery hole in the strainer, and drops, in yermicular forms^ 
upon an endless band which delivers the strained peat into a 
brick machine, which will mould it in any suitaUe shape or 
size that may be preferred. The strainer being enclosed 
in a heated chamber, with an opening for the escape of 
steam, the moisture is rapidly driven off from the worm-like 
strings as they fall upon the band, giving soUdity to the 
moulded blocks of peat as they pass through the die of the 
brick machine ; and their being then at a high temperature, 
expedites the subsequent process of drying. Very little 
power is required for the whole operation, which is per- 
formed continuously and with great rapidity. The moulded 
blocks of peat arc removed to a drying shed, through which 
a current of hot, moist air passes ; and they soon, without 
compres<iion, become as hard as oak, and more dense than 
any peat submitted to hydraulic pressure, the specific gravity 
bring from 1*15 to 1'50, and that of highly compressed 
peat 1'08. From four to five tons of wet peat, as taken 
from the bog, arc required to make one ton of dry oon- 
flcnsiMl poat, the total cost of which is about Ss. 6d. per ton. 
Pent flius prepared bums very freely, will stand a powerful 
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blast, emits great heat, is smokeless, and produces less ash 
than the average of coal or coke. It is impervious to water, 
improves by keeping, and is incapable of self-ignition. 
From two and a half to three tons of prepared peat will 
make one ton of excellent charcoal, the cost of which would 
be about 12s. per ton; but in converting the peat into 
charcoal one cwt. of hydrocarbon or peat tar may be drawn 
from one ton of peat, the value of which for illuminating 
and lubricating purposes will greatly reduce, if not entirely 
cover the cost of the charcoal. The peat fuel prepared in 
this way was experimentally tested in smelting iron ore ; 
the pig iron was decided to be seven per cent, below the 
best standard and twenty-nine above the worst kind of pig 
iron. The process, however, was found to be impracticable 
from the reasons already stated about heat-dried peats. 

In addition to these samples of the peat fuels and illus- 
feations of the different processes by which they are manu- 
factured, the Exhibition contains drawings of other machines 
for the treatmentof peatf viz. — ^Mr. J. J. Hayes has drawings 
of a centrifugal machine for partially extracting the water 
from crude peat and stamping it into blocks ; and Mr. J. G. 
Bass, drawings of peat manufacturing machinery'. Mr. 
Simpson exhibits a conical peat manufacturing machine, 
which claims to possess advantages of compactness, and in 
being a portable hand- worked machine, capable of producing 
the largest amount of condensed peat with the least expendi- 
ture of manual labour. In experiments made at the Exhibi- 
tion, this machine turned out an excdlent material from u 
fibrous peat from Carrington Moss, and appeared to be well 
adapted for any farm near a moss. One labourer could 
readily make fuel enough in one day for a week's con- 
sumption. Messrs. Carter show a disintegrator for grinding 
peat or other material. 




In a 8aii]|)Ie of dried peat from Scotland, analysed by 
Mr. James Dewar, F.R.S.E., F.C.S., he gives — volatile 
matter, 642; charcoal, 337; ash, 21 = 1000. The 
calorific value of this peat is expressed by sayings— one 
pound when burnt would raise 4,500 lbs. of water It** 
Fahrenheit, i.e., one part by weight of the peat would raise 45 
lbs. by weight of water from the freezing to the boiling point. 

The quality of the peat was excellent, well disintegrated in 
the fibre, and free from earthy impurity. 

An analysis by Professor A. Vasmrd of a sample of 
Cambridgeshire Feat Fnel, gave — ^moisture, 11*50 ; volatile 
matter, 82*50 ; ash, 6*00 = 10000. 

Dr. Percy gives an analysis of peat, as — carbon, 58*69 ; 
hydrogen, 6*97 ; oxygen, 32*88 ; nitrogen, 1*45 ; ash, 
1*99 = 100*00. 

Bischof gives the mean of 67 analyses of coal, as — 
carbon, 82*2 ; hydrogen, 5*5 ; oxygen, 12*3 = 100*00 ; and 
of lignite — carbon, 72*3 ; hydrogen, 5*3 ; oxygen, 
22*4 = 10000 ; and of peat fuel--carbon, 80*7 ; hydrogen, 
4*1 ; oxygen, 15*2 = 100. Showing the large percentage 
of peat fuel in its richest element— carbon — ^in &ct the 
chemical value of the elements of peat, «.^., dried peat, does 
not differ very materially from either coal or lignite. 

It appears from the experiments of Sir R. Kane that the 

average yield of Irish peats by destructive distillation is as 

follows : — 

1,000 Parts of Peat. 
Products :— 

Sulphate of ammonia 11' 

Acetate of lime 7* 

Wood naptha 2 

Paraflin 1 

Fixed ofl 7 

Volatile oil » 3 
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The paraffin was converted into candles superior to those 
made of wax, but at too great a cost to be profitable. 

A aeries of experiments have been made at the Com- 
mercial Gas Works, LondoUi on condensed peat, the results 
of which are given below. 

One ton of coal yields : — j 



DlfCaiPTION 07 COAL. 




StaffSordflhire 



Derbyshire 

Lochgelly 

Derbyshire GaxmeL. 
WiganGannel .... 
Newcastle Caxmel. . 
Leshmahago Oaimel 
Boghead, No. 1 . . . . 
Do. No. 2.... 



Illoini* 

natin^ 

power m 

spenu 

c ft ndl w . 



12-42 
11-71 
18-00 
20-60 
28-00 
2500 
40-00 
40-00 
48-00 



Cwts. 

of 
Coke. 



13J 

17 

13 

15 

13J 

13J 

10 

8 

6 



Gkuperton 

equal to Ibe. 

of sperm. 



302 

305 

494 

600 

686 

840 

1,440 

1,713 

2,222 



Sperm corres- 
ponding to gas 
of Boghead] 

Cannel, 
No. 3 = 100. 



13-6 
13-7 
22-2 
270 
30-9 
37-8 
64-8 
77-1 
100-0 



One ton of condensed peat yields : — 



Belfast . 
Creavelea 
Welsh... 



10,500 


15-65 


8 


562 


9,240 


18-75 


8J 


594 


11,000 


22-50 


7 


849 



25-3 
26-7 
38-2 



In a trial of condensed peat fuel^ made by three practical 
engineers on the Belfast and Northern Counties Railway, 
with a view to test its qualities for locomotives^ they 

report: — 

In order carefully to watch the power of the fuel in the genera- 
tion of steam, we rode on the engine from Carrick Junction to 
Ballymena, a distance of twenty-seyen miles. During the whole 
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of the journey wc had an excess of steam, notwithstanding that 
the fire-door was continually kept open and the damper down for 
the greater portion of the distance. The pressure at starting was 
100 Ihs. on the square inch. The commencement of the journey 
WHS up an incline of about 1 in 80, foui: miles long and with double 
cuncs. While going up the incline the pressure rose to 110 lbs., 
and afterwards rose to 120 lbs., the fire-door being open all the 
tiipie. The speed, whenever this was permitted, was forty miles 
per hour. We noticed that while travelling the fuel emitted no 
smoke, and very little when the engine was standing at stations. 
The fire-box was examined at Ballymena and a very small portion 
of clinker was found, considerably less than would have come from 
the best steam coal. On looking into the smoke-box we found it 
perfectly free from cinders or dust, thus proving that the fuel stood 
the blast exceedingly well. 

Particulars of the above Locomotive Trial of Condensed Peat Fuel. 

Total quantity of Fuel used 14 cwt. 1 qr. 14 lbs. 

Weight of Train, including Engine and Tender 70 tons. 

Number of Carriages 7 

Miles run 74 

Time running • 3 hours 9 minutes. 

Weight per mile used of Peat Fuel 2i-47 lbs. 

Average lbs. per mile for the last three \ 

months, using Welsh and Scotch Coals a^ ( 25-25 

a ratio of two of Welsh to one of Scotch . . ) 

Average for the month or May last 26*29 

Mr. Forster Heddle, Professor of Chemistry to the Uni- 
versity of St. Andrews, reports : — 

I have examined and analysed the peat fuel which was forwarded 
to me, and have to report as follows • — 

Composition, on analyses by combustion, afforded for the dried 

fuel- 
Gas ... 60-293 

Carbon (free) 31-064 

Ash : 8-643 

100000 
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In its ordinary eanditton, however, it contains — 

Water 16-74 

Gas 50-20 

Carbon 25-864 

Ash 7196 

100-000 

It was fonnd that a sample kept for some days under cover 
contained 16-4 per cent, of moisture, and that samples artificially 
dried regained upon exposure nearly the above amount, so that it 
may bo held to be impracticable to improve the fuel in this respect, 
while the quantity cannot be looked upon as excessive. If, how- 
ever, the fuel bo kept under cover its condition vrill be materially 
improved. 

The fuel is well fitted as a gas producer if used to mix with an 
ordinary gas coal. 

3 lbs. of the Peat ** worked off" in a small gas apparatus yielded 
gas at the rate of 7984 cubic feet of gas per ton. This gas was 
prepared precisely as in large gas works — so that the quantity may 
be taken as that available for application in the Hydro-carbon 
process, or " "Water-gas process." This gas is better fitted indeed 
for this purpose than the gass obtained by passing steam over red- 
hot coke, as the gas obtained by the latter process is always much 
charged with carbonic oxide — a highly poisonous gas. 

When examined by Lewis Thomson's Fuel Test Apparatus, the 
" calorific power" of the fuel was found to be — 

In its usual state 4-675 

When dried 5-94 

that is 1 part of the fuel will boil off as steam above i^ times its 
own weight of water from 212°; autl the dry fuel about G times 
its own weight. 

The fuel in its ordinaiy state yields o2*0G per cent, of coke, or 
about 6 J hundredweight per ton. 

The coke on analyj<is yielded — 
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Carbon 78-24 

Ash u 21-76 



100-00 
The ash was light and incoherent, and in no way cheeked t]ie 
combustion of the coke. 

This coke, when tested in Lewis Thomson's apparatus, gave a 
jcalorific power — 6-743. The coke is firm and densfe, and would 
probably serve well with a little coal for a forge, being from the 
absence of sulphur peculiarly fitted for such application. 

The following extracted from a tabulated statement giving 
details of the various peat enterprises actually now working, 
will afford some interesting information on peat manufacture. 



SystenL 


Where Working. 


Power. 


Tons of 
dry fad 

per 
machine 

per 
■eason. 


Cort 
per ton. 


KelatiTe 
yalne 

to 
Goia. 


Antboritj. 


Hodffefl' 

Canadian 

Peat Company. 


Montreal for 

Grand Trunk 

Bailway. 


16-h. 


4000 


6/6 


6.6th 

or 84 

percent. 


Mr.Aikma&ft 

Grand Tmnk 

Railway. 


Boston Feat 

Company, 

U.8.A. 


New England 
States. 


12rh. 


4200 


8/. 


84 
per cent. 


Mr. Leavitt 


Boberts, Pekin, 


New York. 


13-h. 


3500 


8/- 
to'9/- 


84 
percent. 


Mr. Leavitt 


Haspalmoor, 
Colbermoor. 


Bavarian 

Government 

Works. 


Not 
stated. 

1 A 


Not 
stated. 


12/. 


60 
percent. 


Irish 

nmnmiiurioin. 






Box's 


On trial. 


16.h. 


stated 

4/8 


— 


— 


Pamphlet and 
Letters. 



■To which we may add- 



Clayton, Son 

and 

Hewlett, 

London, W. 



England, Scot- 
land, Lreland, 
Wales, and 
Germany. 









Variable 






3/6 


accord- 


6-h. 


3500 


to 


ing to 






6/. 


quality 
of peat. 



Selves. 



From the foregoing it will be seen that the peat fuel 
possesses a calorific power of 6-6th of coal, and can be 
produced in Canada and the United States at from 6/6 to 9/- 
per ton, where wages for labour are not lower than 7/- per day. 
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APPENDIX, 



f^om ** n$ XHgiimrr Jmnwrv 80, 1IT4, 



FEAT m OEBMANY AND ITS COST. 

Hie pcomioeooe which the peat queiition hat lately received from the 
engineer, the capitalift, and the general puUio, indaoee ua to lay before our 
readera the foUowing extract from the AUgtmtme Dmtsehe I\>liUehni$ehs 
Zmhmg^ aa affording an opportmiity for peeing what is done in the matter 
fthroad. 

Herr Bnach, a landed proprietor in Groas-Massow, near Lauenburg, 
i^peara to he carrying on the peat industry on his own estate, and 
eommnnioates to our contemporary that he was delegated by the ** lAuen* 
burg Branch" of the ** Pomeranian Agricultural Society" to examine and 
report upon a new peat-press constructed by Stuetzke Bros., jim., Lauen^ 
burg, which commanded at the time considerable attention. He reports the 
machine to be exceedingly simple in construction, capable of working up all 
manners of peat, requiring little power and almost only juvenile attendance. 
The price of the same seems to be somewhere between £20 and £25. 

** Hie peat-press consists of a wooden tub about 6ft. high and 2ft wide, 
chained upon a kind of sledge. The wooden vessel contains an upright 
abaft which may be set in motion by means of a horse gear. This shaft 
eaxxies on the bottom an iron disc, above it two revolutions or turns of 
screw^bladeB, and above these four similar blades, each forming a quadrant, 
and so arranged that they form a complete revolution. Enife-like projections 
in the wooden vessel prevent the peat revolving with the blades and shaft ; 
the opening for the introduction of the raw peat is at the back on top ; in 
front is the iron delivery, which may be opened by means of a lever, and 
contains a wooden conical mould, through which the peat issues in four 
endless strings or streams on an inclined table, on which it is cut in pieces 
or blocks of convenient length. The whole of the parts of the machine are 
so constructed that repairs are reduced to the very minimum. The machine 
requires one horse, three adults, and three or four boys or girls, according 
to the size and distance of the drying ground. If the peat to be worked lies 
entirely under water, or has otherwise been rendered very soft or wet, it 
must be thrown up to dry a little ; in the same way has it to be wetted if 
too dry. As a rule it may be operated upon Just as dug from the bog after 
removal of the top layer, but if the quality varies much at different depths 
it is desirable to mix the suae in digging and throwing out Two men dig 
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the peat and oart it to titemaduae* iriuch is placed as cloae aa pnaafMe: a 
third feeds the machine, toJdxq^ caie to ke^ it constantly foil in ardor to 
fn^jtlita^ the 6Ten. diachargo of the streams oi mooided peat. If the latter 
caimot be moved forward on the wetted table without getting cmahed and 
aqneendt tiien the palp is too wet ; if it cmmbles it is too dry ; if tiie 
ttrm*" be unereiL or incomplete the mould is clogged* and may be opened at 
^m r^ and tiie obatmctian be removed. Very little practice oTercomea and 
entirdy avoida tiieae difScoIties. A giri or boy dtanda on ttie left-hand aide 
— from tile machine— of the tahle^ and cats from. Hsb stream, witii a aoKi of 
wooden, ^ade ^n. sqnare — while holding ibs firmnfr with ^e laffr bait — a 
length, of lOin., and removes the same to tiie end of tiie table, &om whence 
it ia loaded on a cart by one of iiie remaining two or three children^ and 
iHieeled to the drying gromuL If there is sufficient room the piecea are 
■mply laid side by side in a dry atmosphere. Three days suffice to air-dry 
liieflame, and in two or diree weeks they can be stowed into large heaps. 
The writer here repeats that peat having gone throng this m<M»liin« dxies 
mnch more qniokly and bnms with greater intensity of heat ; also tiiat the 
Kghteat and poorest stuff so wo^ed is fitted far consomptian imder steam 
boilen. One volume of this press peat is equal to about two of Hanover 
peat, or to three of ordinary cut peat, and the intensity of heat developed 
stands in the aame proportion. 

One horse is sufficient for ten hours' woik per day^ the dynamometer only 
showing 80Ib. to 95Ib. on a beam IJft 6in. long, according to the siae of 
the mould and the condition of the raw material, Tna^T^o^ two roonda per 
minute at thirty-seven paces each, or a total of seventy-four paces per 
minute, the exertions of the anfma] not lying so much in the intensity of the 
pull, but in going round in a circle, and this one can do easier than another. 
Next to the reg^ular speed of the horse the production of the machine 
depends on the siie of the moulds used. Xo. 1 is 3^in. square, and produces 
in fifty minutes — during which the horse makes US rounds by exerting a 
pun of 801b. on the 13ft. 6xn. beam — 1,000 pieces of peat lOiu. long, con- 
taining 122,500 cubic inches ^ 70j cubic feet of wet peat. Absolutely dr>', 
one of these pieces weighs lib. loth. — lib. ^oz., or rather more, in Fn gKaK 
Ko. 2 is Sjin. square, delivering in one hour and five minutes and 150 
rounds of the horse, 1,000 pieces of peat lOin. long, the dynamometer 
blowing ^Slb, if 881b, on the same length of beam. The bulk of wet peat 
thus delivered is 81 J[ cubic ff<;t, one piece weighing lib. 17 loth. — say lib. 
$^. English, rather more— when absolutely dry. 3Iould No. 3 is 4in. 
equarc, and driven in onr; hour fiftcnn minutes, 144 rounds of the horse with 
A pull of d21b. to 9'>lb., tho same numlKT of pieces, viz., 1,000 also lOin. 
long, )xnng 101 J cubic foot w<rt l»eat, which weigh when quite diy 21b. joz. 
aach piece* Homo cut th(! i>eat only Sin. long, others 12iu. ; lOin. 
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ifl the best result of a nmnber of trials. Ho uses form No. 3. His hands 
have to produce 7,000 pieces per day, and he pays Qsgr, (7'2d.) per 1,000; 
for turning over or restaddng, 0*6d. per 1,000 each time. Ho turns his peat 
OTer three times, and pays 9d. per 1,000 in the stack, but this extra cxpondI« 
turc is more than covered by the greater value of the product and the saving 
of carriage by reason of the reduced bulk. Feat thus prepared from the 1st 
to the 20th May proved excellent fuel in the writer's steam distillery. 

We shall only add a few remarks to the above translated extract. The 
apparatus in question certainly seems so simple, judging from the description 
given, that it would, perhaps, be impossible to excel it in that quality ; at 
the same time it appears to us to be capable of further development. Of 
course it would bo easy enough to adopt the same for and attach steam 
power, nnce the horse gear only seems to be the special requirement of the 
mannlacturers there who may have horses to spare at the time they carry 
on the manufacture. Assuming, however, as we ought, that the apparatus 
answered all practical purposes, let us just make a comparison t>f weight 
and cost. 

HetT Bnsch, we are sorry to see, omitted to give any data as to what bulk 

the material is reduced to when dry, but this is not very material, 7,000 

pieoes of form No. m., at 2'Q61b. each, which, it will be seen, leaves a 

margin of 1,000 per day for loss of time, gives a daily production of 6} tons 

as near as possible, for which Herr Busch pays 7 X = 63 = 6s. 3d., or 

say lOd. per ton, towhich must be added the cost of the horse-power and the 

use of the machinery. This is so low a figure that we need not stop to 

consider the latter, but attempt to estimate the cost of production 

according to English prices. The motive power required would b^ 

95 X 13*5 X 2 X 3-14 X 144 .^ i xi. * i. i* i, v * 

_/;^ oo AA/v — — ='46, or less than half a horse-power ; but 

7o X oo,UUU 

we will allow one-horse power, and say it requires 1 lib. of coal per hour, 

or I cwt. a day to produce it. This is a high estimate, but small engines 

consume more fuel per horse-power than larger ones ; in this case it would 

cost nothing for coal at aU, as peat would bo used as fuel ; but we will 

estimate the value per day at Is. ; throe men at 3s. 4d. per day each, 10s. ; 

four boys at Is., 4s ; total, 16s. cost of 6 J tons, or, say, 28. 4d. per ton for 

wages and power, exclusive of outlay and repair of plant and the value of 

the bog, but 3s. per ton would cover all amply. Now if peat is worth half 

the price of coal of medium quality, wo should have the equivalent of ono 

ton of the latter for 68., exclusive of profit to the producer and carriage. 

Now these figures prove beyond question that peat may be profitably 
prepared and brought to market by the capitalist, as well as economically 
used by the consumer. In the encouragement of x>eat industry the question 
of cost stands in front, and it is especially the query whether coal will at 
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Mr. Attken said he had listened with great pleasure to the 
very instractiye paper which Mr. Plant had read. If he were to 
find any &tdt with it, it would be because he has not given 
ns exactly the commercial infofmation which we desired. 
If he had gone more extensively into a comparison of the 
prices at which these peat fuels can be produced and sold, 
with the prices at which coal in the various districts where 
they are produced can be sold, we might have seen whether 
these inventions, which at first sight appear to be very 
important, could be practically worked, and were likely to 
confer those benefits upon the country which are claimed 
for them. Mr. Plant has given us the prices, in several 
instances ; but so much depends upon the localities in which 
the fuels are manufactured, and the demand existing for 
Ihem, that the price per ton does not convey their exact 
commercial value.. 

As their ultimate success depends upon two essential points 
-^first the cost of production ; and, secondly^ their value as 
heat-producers — some fuller information on those points 
would have been acceptable. The gratitude of this country is 
due to those who are bringing forward, and trying to^perf eot, 
these inventions ; for the commercial greatness to which 
England has attained is due in large measure to our cheap 
fuel, and to the manufactures that have been led to concen- 
trate themselves roimd the various coalfields in consequence 
of that cheapness. Our position is now greatly altered, in 
this respect, fuel has become very expensiv&-H3o much to 
as to endanger the commercial supremacy of England — and 
these attempts to introduce peat fuels, and to utilise the waste 
slack of the collieries^ is of great importance to every coal 
consumer. It is to be hoped that eventually means will 
be f oimd of making these peat fuels and made coals more 
extensively useful than they have hitherto been ; and 
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we may find than ccnniHg into suceesfifnl oampetiidaii. widi 
oofly 90 that die great dearth of huek which is anticipatefl 
may be, if not eaitiTidy averted^ at ail evesats indefinitely 
postponed. 

Mr. Traice aaid it had always appeared to him tiiat the 
commercial soccesa of peat hui depended primarily upati 
some aimple means of getting rid of the wat«; which. £anns 
aboat 70 per cent, of the mass. The plans propowd gene* 
rally appeared to be inadequate for Hie pnTpose, or too 
expenmye. Tlie commemal question iDHrt be purely one of 
this kind: first, What shall be the cost of the most 
ectmomical mode of collecting the peat and ridding it of its 
moisture, and then of bringing it into a shape ccmrenient 
for carriage; secondly, What would be the cost of conveying 
it to the places where it can be used ; and thirdly^ How &r 
it has the same advantages— that is, gives a fire of the same 
quality, whether for furnace or domestie uses — as coal? 
As yet, the matt^ seems so much in its infancy that we 
cannot form any decisin upon these questions; but our 
ihanks are due to those who are exercising such ingenuity 
and spending so much money in trying to achre these 
prc^lems. There is one point to which yon hare r efe rre d , 
and on which the matter wears a much more practical 
aspect— 4hat is, with reference to the couTerston of peat 
into an equiyalent for charcoeL The production of the 
Tery finest iron, for a time, threatened to become almost 
impossiUe through the extinction of our foreste, which 
were swept away in order to produce charcoal ; and a great 
deal of the best iron^ for a long while had to be imported 
from Sweden and other places where forests were stiU 
aceessiUe. Of course, it may be said our coal is a mineral 
charcoal ; but it is a mineral charcoal, generally speaking, 
largely combined with sulphides in some form prejudicial to 
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the working of iron, they Convert the metal into brittle 
sulphides of iron. If it shoiUd turn out that the charcoal 
produced from peat is, as is stated, free from sulphur and 
phosphorus, the invention will be one of the utmost value, 
there will be a strong probability of its coming into use in 
that way, which will I believe open up an unlimited field 
for sound enterprise and for great profits. 

Mr. Plant, in reply to the remarks as to the commercial 
value of these peat fuels, stated that it was a point upon 
which the inventors or owners of the peat manufacturing 
machines spoke with praiseworthy caution, or were alto- 
gether reticent upon ; in fact, it was reasonably a difficult 
matter to speak about its price in the market, for it may be 
said that both its manufacture and its use had scarcely 
advanced beyond the experimental. It had been shown by one 
inventor that peat could be made into a good fuel at the low 
cost of 2s. 6d. per ton ; also that a ton of peat charcoal could 
be produced at a cost of 15s. per ton ; that the heating 
power of peat fuel was just, weight for weight, one-half that 
of coal. In one place where it has been manufactured, the 
price of peat fuel on the spot has averaged one-third the 
price of coal in the locality, but the addition of the cost of 
carriage when sent to a distance soon diminishes this favour- 
able comparison between it and coal. In places in Great 
Britain where coal is scarce and dear, and peat abundant, 
peat fuels could very well be sold at a good profit; but 
where, as in Lancashire, coals are plentiful, the chances of 
peat fuel in a competition are very small. 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 



Pakt 4. YoL. XIII. Se88Io:t 1873-4. 



At the Ordinary Meeting of the members, held at the 
House of the Literary and Philosophical Society, George 
Street, on Tuesday, Slst March, 1874. 

Thomas Knoavles, M.P., President, in the Chair. 

There were twenty-five members and visitors present. 

The following donations to the Library were announced : — 
From the Literary and Philosophical Society ot Man- 
chester: Proceedings for 1869-70-71, and Vol. IV. of 
the Memoirs. 

Mr. Traice then read the following paper : — 

COAL-CUTTING MACHINERY. 
By Mr. W. H. J. Traice. 



When my friend Mr. John Plant requested me to read 

^ paper on Coal-cutting Machinery to the Manchester 

Oeological Society, I hesitated on the groimd that the 

subject is one that can only be adequately treated by an 

experienced mining engineer. On further conversation, 

however, and with the imderstanding that a general notice 

of this comparatively new clement in mining operations 

would be acceptable, and might be considered as prefatory 

to more detailed expositions of various contrivances for the 

mechanical extraction of coal, I readilv consented to imdor- 
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take tills very humble task. The tendency of industrial 
production in all its developments is to supplant the heavy 
labour, which is little more than the exercise of brute 
power, by mechanical appliances, in which the forces of 
nature are enlisted in our service. In some departments 
of mining work this exchange has been made eflTectually, 
and \N'ith great advantage to men and boys, to coalowners, 
and to the public. The winding-engine has taken the place 
of the horse-gin ; the pony is now enabled, by the conve- 
nient laying out of roads, to do a large proportion of 
the imdergroimd haulage, formerly the exacting labour 
of boys, girls, and women ; self-acting jig-brows effect 
a further saving of labour, and the various arrangements 
by which the steam-engine, and of late the compressed 
air-engine, impart motion to metal ropes for raising the 
^SLggona from the deep inclines, and also to supersede, 
in many cases, the patient quadruped, are interesting 
examples of mechanical inroads in the recesses of the 
mine. If the collier has not been relieved from the 
severest, most exacting portion of his labour — the holing 
or undercutting the coal — the delay cannot be attributed to 
the indifference of inventors to the problem of cutting coal 
mechanically, nor, I apprehend, to any lack of invention. 
I have had the curiosity to look up the specification 
of a coal-hewing machine, patented by Michael Meinzies, 
of Newcastle, in 1761. The implement he proposed to 
actuate was a miner's pick, and he would have trans- 
mitted the power from the bank by spears and chains; 
a fire-engine, which we now call a steam-engine, " a water 
miln, wind miln, or horse-gin," having been the motor he 
proposed to use. He mentioned the use of a saw as well 
as a pick in cutting the coal, and also a wheel, with a pick 
on it« periphery for shearing or vertical cutting. He further 
proposed a cutter to be worked by a man turning a crank. I 
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Ibelieve this was not Willie Brown's " iron mon,'* spoken of 
by old pitmen in the north ; but I have not met with any 
description of this personage. In the century that followed 
Michael Meinzies' invention, it is stated that upwards of 
100 patents were enrolled having the same object. I have 
met with references to some of these, and believe several 
reached the stage of trial, and were even in use for short 
periods. Mr. Jeans, in his able paper, recently read before 
the Cleveland Institute of Engineers, having referred to 
Michael Meinzies, says : — " In 1762 another patent was 
taken out for cutting coal by machinery, the next patent 

was taken out in 1783, and the next in 1818 

other patents followed in 1830, 1843, and 1846 respectively. 
From 1846 to 1852 no fresh patent was taken out, but 
between the latter year and 1864 no less than twelve new 
patents were taken." This would seem to throw discredit 
on the current statement that 100 coal-cutting patents were 
taken out between 1760 and 1860 ; but it may possibly be 
reconciled by the practice, formerly in vogue, of making a 
specification a net broad enough to cast over every possible 
or impossible application of an invention, the securing an 
exclusive right to which was, as I well remember, such an 
anxious and costly business. Perhaps, too, if wo included 
contrivances whose authors never sought the protection of 
the Great Seal for the offspring of their ingenuity, we could 
make up our century of coal-cutting inventions and have 
some to spare, all sadly laden, too, with " the hope deferred 
that maketh the heart sick." Whenever the history of 
coal-cutting machines comes to be written, I think its prac- 
tical chapters will not go much further back than the year 
1860 ; the value of the ideas embodied in previous inven- 
tions need not be ignored — indeed, many of them have 
been revived in subsequent appliances, but this period 
roughly marks tlie turning point when the introduc- 
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tion of such inacliinery, instead of being viewed askance, 
began to get regarded as a possibiKty by the mining world. 
The mechanical problems to be solved are : — First, To con- 
trive a machine that will cut a groove beneath the coal to a 
depth of about three feet, such groove not to average more 
than three inches in height. . Second, To make the machine 
80 compact in height and area that it can be adjusted 
handily in the spaces where it has to work. Third, That 
the weight of the machine should be such that it can be 
readily moved from one place in the mine to another, and 
yet that it should be so strongly constructed as to bear the 
strains and ordinarj^ casualties incident to its work in a 
coalpit. Fourth, That its progressive movement when at 
work should be automatic, or verj' easily effected if done 
by hand gearing. Fifth, That the machine should not 
require more than two or three to attend to it, and do all 
the work incidental to its ojieration. Sixth, That it is very 
desirable to have machines adapted to cut in other than 
horizontal planes, and at various heights from the floor. 
Seventh, To employ a motive power for driving the 
machines that can be applied in any part of the mine. 
It is almost superfluous to add that all these conditions 
may be fulfilled, and by various descriptions of machines, 
and yet mechanical coal cutting remain a problem virtually 
unsolved ; the inexorable law of demand and supply cannot 
be evaded, and only when machines do the work more 
economically, and so more profitably, than it is done at 
present, can their inventors hope to see them generally 
adopted in the extraction of coal. 

We may group coal-cutting appliances by their cutting 
tools ; by the construction of the engines which work them ; 
by their adaptability to various kinds of work ; by the 
motive power, and by many subordinate but most important 
details. of arrangement ; but as yet the cutting implements 
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offer tlie broadest and most characteristic basis of clussifica- 
tion. As far as my inquiries have gone, the actuating a 
pick mechanically, as much as possible in the stylo it is so 
vigorously wielded by the hewer, has engaged by far the 
most attention in attempts to cut coal by power. This is a 
natural, but apt to bo a very fallacious, direction for inven- 
tion to tnke ; for uniformity, or diversity within a certain 
very narrow range, is of the essence of mechanical action ; 
whereas infinite variety of movement and adjustment of 
limb and muscle to varying circumstances, and these, 
guided by intelligence, are endowments the birthright of 
every imit of our toiling millions. I have already men- 
tioned that Meinzies' coal-cutter was a pick, and a glance 
through the specifications of the last fourteen or fifteen 
vears familiarises us with the names of numerous inven- 
tors who have devoted themselves to the perfecting the 
machinery for using this instrument, or increasing the 
efficiency of the tool itself. Mr. William and Mr. Samuel 
Firth appear to figure most frequently in these claims for 
patents, to secure them the advantage of improvements in 
pick machines, and, without professing to give the names 
of all who have exercised their ingenuity in the same direc- 
tion, I may also mention Messrs. W. & G . Donisthorjie, Rot herj-, 
Jones, Nisbett, Sturgeon, Carrett, Hurd, AVarrington, and 
Leatham as occurring most frequently in my notes. I may 
just indicate some of these modifications, as the making a 
shallow cut with a short-shafted pick, and repeating the cut 
to the necessary depth by one with a longer arm ; the having 
two picks of difierent lengths working simultaneously ; the 
using a spring to drive the pick, the piston only drawing it 
back ; the cutting outward instead of inward ; various con- 
trivances to clear the hole of dust and dthris to free the 
action of the tool ; the making the actual pick a moveable 
cutter fitted into the heavy head of the striking arm ; the 



88 

varying tbo centre of oscillation of the pick arm, and many 
other expedients to surmount difficulties experienced in 
practice. Invention rarely triumphs by a coup de main ; it 
may effect a lodgment within the walls, but it usually wins 
— ^when it does win — by a prolonged hand-to-hand fight. 
It has been objected that ** one-half the power necessary 
to work the machine is lost in drawing the pick back to 
strike another blow ; " this is substantially true ; but on 
the other hand, there are contrivances for utilising this 
back stroke to clear the cut which may make the loss 
of power more apparent than real. Mr. Jeans, from whom 
I have already quoted, admits, however, very frankly, that 
the pick machine has the recommendation of simplicity, 
and of not being liable to get out of order; the cutter 
arm being driven by a bell-crank motion from the piston, 
nothing can be more direct than its action. I also think 
it probable that the sharp blow or impact of the pick is 
likely to be more effective with some kinds of coal than a 
chipping or sawing action. The disc, or circular saw cutter, 
though suggested in Meinzies' patent, does not appear to have 
commended itself to inventors at an early period in the progress 
of mechanical coal-cutting. I find that something analogous 
to the circular saw was patented by Hemingway in 1861 ; 
it consisted of three very broad aims, having cutters at 
their extremities, and it revolved excentrically ; I am not 
aware whether it was actually tried. The principle of a 
horizontal disc cutter was adopted in the patent of Mr. J. 
S. Walker, taken in 1869 ; but it appears to differ from 
those now actively inviting public attention, inasmuch as 
while the axis of the former was within the frame of the 
machine, and it could only cut to about the depth of its 
semi-diameter, the latter are contrived to work their way 
almost entirely beneath the coal. All the machines 
now on view at The Exhibition of Appliances for the 
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Eoonomio Consumption of Fuel are of the class last 
referred to; three are of the type patented by Messrs. 
Hurd & Simpson ; of these one is manufactured by 
Messrs. Goodbrand & Holland, and two by Messrs. 
Mather & Piatt. In these machines the diso or saw 
cutter is carried by a gib pivoted on the end of the 
machine, so that it can be used to cut direct ahead or on 
either side. The chisels or cutters, corresponding to the 
teeth of a saw, are moveable and readily changed when 
blunted or broken; this is an arrangement common to 
all such machines, and the cutters themselves can be forked, 
pointed, or of any form best suited to the work generally, 
or to the special nature of the coal, dirt-band, or shale 
to be cut. The disc is mounted somewhat excentrically, 
and a self-acting feed motion keeps it up to its work. 
These machines are designed to be driven by compressed 
air, which, as we shall subsequently have occasion to notice, 
is now the most usual mode of conveying the power from 
its source. 

Another rotary coal cutter at the Exhibition is that of 
Messrs. Winstanley & Barker ; it is designed like Hurd & 
Simpson's machine, to work on the ordinary rails; the 
cutter disc is driven by a pair of oscillating cylinders, 
having a pinion on the crank axle, which directly gears 
into the broad notches between the teeth ; a small segment 
of the disc remains external to the face of the coal. The 
cutter wheel in this instance is moimted beneath the frame 
of the machine, and can only cut on one side. It cuts its 
way into the coal till at right angles to the frame, when 
the man or boy in charge slowly works it along by a chain 
and crab. 

The third example is the Patent Rotary Coal-cutting 
Machine of Messrs. Gillott and Copley, exhibited by 
Mr. J. G. Bass, of Sheffield. This is only illustrated 



90 

by u model arranged in position as if alongside the face 
of the coal. It is driven by a pair of cylinders fixed on the 
frame of angle iron, and from the crank axle of which 
motion is indirectly imparted to the vertical pinion that 
gears into the slots in the cutter wheel, which is carried 
by a gib or bracket. It moves along the face as it cuts, 
pulling itself by a small wire rope, the speed of progress 
being easily adjustible. 

The endless chain cutter was, I believe, first proposed 
by Mr. William Peace, of Haigh, in a patent secured in 
1853, and has since imdergone many improvements and 
modifications by Messrs. Gledhill, Firth, F. Hurd, and 
Alexander Baird, and possibly by other inventors. A 
gib or arm similar to that which carries the circular 
disc cutters is pivotted to the side or end of the engine 
frame. There are pulleys at each end, around which 
works an endless chain, kept in place by flanges, and with 
tightening adjustments. This is a sort of pitch-chain, or 
one made up of link stocks, into which cutters are fitted. 
When the chain is kept at work on the face of the coal 
it makes a nearly straight cut at a right angle to the face. 
In the various machines of this class that have been 
patented much ingenuity has been bestowed in siirmounting 
difficulties and making adaptations. The driving pulley is 
either beneath the machine or close alongside it, at the 
inner end of the gib carrying the cutter chain, and can 
obviously be driven by a pinion working directly, or 
through gearing, from the crank axle. Mr. Frederick 
Hurd patented in 1869 quite a bijou chain cutter, the link 
stocks consisting of a series of ingeniously contrived hooks 
that need no pins or rivets, and in which the cylinder is 
carried on a telescope-jointed prop to fix vertically while 
the cutter is at work. The gib or carrier works radially at 
any angle, and the whole affair does not weigh 2^ cwt. Of 
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course this could be employod to cut a block of coal on ail 
four sides if required to do so. Again, Messrs. Firth 
and Hurd use a wire rope in place of the link stocks, the 
tension of the rope being maintained by a sort of elastic 
clip pulley ; the cutters in this case are made in sections to 
embrace the rope. A coal cutter of this class, the invention 
of Mr. A. Baird, of the Gartsherrie Ironworks, and desig- 
nated "The Gartsherrie Coal-cutting Machine," has very 
recently formed the subject of an excellent paper, given by 
Mr. Jeans to the Cleveland Institute of Engineers, and to 
which I have already referred ; as it appeared in most of 
the mining and eogineering journals about a month ago, 
it is easily accessible, and I can recommend it as a very 
dear exposition of the subject. 

I believe I do not err in stating that these three types are 
as yet represent^itive of the machines that have hud such an 
amount of trial as to bring them within the scope of prac- 
tical consideration. There are, however, manv more that 
are not unlikely to be found capable of useful application ; for 
the varieties of density, of toughness, or friability of coal, 
pyrites and dirt-bands offer, I fancy, a wido range for the 
inventor who essays to adapt the machine to its work. The 
slottiug machine made by Messrs. Carrett& Marshall excited 
much notice a few years since ; it was intended to bo used 
by the dead thrust of an hydraidic ram, and it cut like the 
tool of a planing or slotting machine. It could, however, 
be used by percussion. Mr. Andrew Ilowarth has a slotting 
machine in which the cut is made by a chisel driven into 
the coal or floor, and which is moved forward after each 
cut, its action being analogous to the morticing machines 
for wood work. 

Straight instead of circular saws have met with favour 
among many inventors, and those too who are not novices 
in the work. Mr. G. Simpson patented, in 1870, a cutter 
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consisting of a straight bar to project at right angles from 
the machine, having moveable chisels set along the side 
next the coal, and which is worked by a reciprocating action 
that, of course, need only consist of a foot or so of longi- 
tudinal movement ; a feed action keeps the saw up to the 
coal. There is an arrangement of this kind, but I cannot 
at the moment say if it is by the same inventor for fixing 
the saw in vertical as well as horizontal planes ; in which 
cases it could be made to hole the coal at the sides as well 
as the bottom and top. Mr. Andrew Knowles, in 1869, 
patented a machine of this straight saw class, but it is 
designed to undercut the coal along the face ; to use it two 
narrow bays, or one if there is an open end, must be 
formed ; the machines to move the saw to and fro parallel 
to the face, are placed in these bays, and the saw is moved 
reciprocally as by a pair of sawyers making a cross-cut. 

In addition to these modes of operation, there are a 
number of contrivances for using drills or stocks having 
circular or other cutters set at intervals along them ; these 
are made to effect a sort of lateral drilling action, again 
similar to some of the wood morticing appliances, and one 
of the latest of such machines, that of Mr. W, J. Clapp, of 
Nantyglo, has a series of drills which are driven in to the 
coal simultaneously. 

I neither profess to have given all the types of machines 
that have been offered to the colliery proprietor, or men- 
tioned the names of all the gentlemen who have invented 
or improved them, but I believe my view is for such an 
occasion sufficiently representative. 

Perhaps I ought to add that there are numerous inven- 
tions as to the details of construction of the machines ; of 
their mode of working on the rails, of clip pulleys and 
other expedients for steadiness or fixture; of progressive 
movements, automatic or by hand gearing ; but every one 
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familiar with practical mechanics will know that there 
must be an infinite nmnber of such things suggested and 
contriyed to obtain smooth and efficient working. 

Goal Breakers. 

I think it right to refer very briefly to a class of tools 
which have attracted much attention — those known as Coal 
Breakers. The frequent accidents occasioned by the use 
of powder in blasting have raised the question whether 
much, if not all^ the work done in the mine by this powerful 
but dangerous agent could not be performed mechanically. 
Seyeral inventors have attempted to accomplish this ; thus 
Tijou and Whieldon propose to insert in a hole drilled in 
the coal a bit of apparatus, with a knee or toggle-joint that 
can be straightened by a screw worked from the face, and 
so exert a powerful thrust ; but the contrivances of Jones, 
Bidder, and Chubb, in embodying the principle of the 
hydraulic ram applied directly, or through the intervention 
of wedges, appear most likely to eflect their object, and I 
believe such tools are in use in several collieries. Mr. 
Sturgeon, whose inventions are numerous in relation to 
colliery work, has also a plan for coal breaking, which is an 
adaptation of the hydraulic ram ; but he has also claimed 
to supersede gunpowder by the application of something 
like the hydrostatic bellows. He would stuff" an empty bag 
or a coil of flexible pipes into a hole made to deposit them ; 
in either case the material must be strong enough to resist 
great pressure ; he woiild then fill either with water by a 
force pump, and as it filled the expansion would, it is 
assum^, burst off" or down the mass to be removed. 

Compressed Air Engines. 

The progress of mechanical coal cutting has been 
retarded through the absence of power in the mine 
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suited to actuate the machines. Above gix)uiid, when- 
ever we wish to try anything new, we can have power at 
once from the steam engine ; a steam pipe and a donkey 
engine give us facilities for making any trials we desire, 
and with little or no disturbance of ordinary work. But 
there are numerous mines that have no steam engine under- 
ground, and when there is one it would obviously never do 
to have steam blowing off in the narrow roads and spaces 
of the mine; it would make them insufferably hot, and 
interfere with the ventilation, besides being intolerable to 
work in. Some inventors have pi'oposed to use hydraulic 
engines, either worked by pressure from water brought 
down the shaft in pipes, in which case it vould all have to 
be raised again to the surface ; while others, as Carrett and 
Marshall, would employ an undergiomid steam engine to 
drive the water to the working-place, when it would be 
returned by drain pipes and used over and over again. 
But there seems now to be scarcely any doubt that the 
best medium for conveying power to the coal-cutting 
engines is compressed air. Pumps for its compression can 
be worked by steam engines on the bank, and the air con- 
densed into strong receivers at a pressure of four or five 
atmospheres, or more — from GO to 80 lbs. on the inch ; and 
from thence it is conveyed by iron pipes down the shaft 
and laid along the main roads, and up to the levels of the 
mine, and from these conveyed by flexible pipes of india- 
rubber- varnished cloth to the coal -cutting engines. I 
ventured to say, seven or eight years ago, that there 
would be no coal cuttinor bv machinerv till it was deemed 
worth while to put up air-engines ; and colliery proprietors 
were unlikelv to do this while vet such machines were in 
their experimental stage of existence. But I also made 
the very obvious remark, that if once put do^^Ti to actuate 
coal cutters, the compressed air that could be carried to any 
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part of the mine woidd soon be turned to many uses-as for 
haulage, local pumping, driUing, and, indeed, for any pur- 
pose requiring power. I find that, in fact, this which I 
then suggested as a secondary application has, in many 
instances, become the primary object of having air engines. 
I asked a friend, a mining engineer, to obtain for me any 
information respecting the use of air engines for haidage 
and other underground work. I hope it will not be deemed 
invidious in giving the name of the manufacturer of these 
engines who is good enough to supply me with the data — ^it 
is Mr. T. A. Walker, of the Globe Foundry, Wigan. I find 
from his statement that the firm has upwards of forty of its 
air engines in use at collieries in Lancashire, Yorkshire, 
Wales, and Scotland. As to the work done, I may cite 
some of his examples : — One pair of air engines haul up a 
brow 800 yards long and inclining 1 in 4 ; and there are three 
others used at the same colliery ; another pulls the waggons 
up a brow of over 800 yards, with a dip of 1 in 2^, and 
works two other roads at the same time. This pair of 
engines, having 18-inch cylinders, with 3 feet stroke, haul 
about 600 tons a day, the average load being seven or 
eight tubs, of about 8 cwt. each, drawn at a speed of six 
miles an hour. The average working pressure is from 
25 lbs. to 30 lbs. on the inch. Then a pair are winding 
coal up a small pit 30 yards deep, and at a distance 
of 1,600 yards from the main pit, the air actually travelling 
1,800 yards before it gets to its work. There are several 
other equally striking examples, but I must not dwell on 
them, and will only add that Mr. Walker states — and I find 
he is confirmed by Mr. Firth and others — that distance 
makes no practical difference in the working of the air. It 
is, however, foimd advantageous to have air receivers placed 
at distant points in the mine. The names we are familiar 
with in the invention of coal cutters also take a prominent 
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place in deyising or improying air pmnps or compressors, 
and the receivers for the air. Messrs. Firth, Walker, Hurd, 
Simpson, Donisthorpe, Sturgeon, and Jones are well known 
in connection with this kind of work; less so Messrs. 
Brown, Paraire, Richardson, and Baird. Mr. Sturgeon 
has lately patented an air-compressor having several novel- 
ties of construction ; he as carefully avoids the admission of 
water to the cylinder as others provide for its presence in 
small quantity ; and while the valves usually work by 
pressure, he actuates them mechanically, and so proposes to 
avoid a difficulty, of which Mr. Jeremiah Head recently 
spoke, as having been experienced with the air machines 
in use at the Mont Cenis Timnel. I may just state 
that, as in the steam engine we are most solicitous to 
preserve the heat, in the air engine we want to get rid of 
that incidentally generated in compressing the air. For 
example, if air at 39° Fahr. is compressed to a fourth of its 
original volume, it will be raised to a temperature of 
419° Fahr. Water is used to take up this heat, but owing 
to the large capacity of water for heat, weight for weight, 
as compared with air, and as the latter, the water, is about 
800 times heavier than the former, it is clear that a small 
quantity of the liquid will take up the heat from a very 
large bulk of the air. I hoped to go into some little detail 
on this subject, but it would most unreasonably prolong my 
paper ; but I must not omit to call attention to an air com- 
pressor, at the Exhibition, of Messrs. Hurd & Simpson, and 
made by Messrs. Mather & Piatt ; it is a very compact 
machine, and intended to be driven by a horse-gin in the 
mine itself. Mr. F. Hurd also proposes to use a vertical lever, 
or inverted pendulum, to fall out of the perpendicular, and so 
increase the pressure, at the moment of greatest compression 
of the air. There is a considerable loss of power when the 
compression of the air intervenes between the steam engine 
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and the air engines below, but this will probably be much 
reduced ; and in the meantime it is stated that from 40 to 
50 per cent, of the original power is realised. It will 
probably be found that the loss of power represented by the 
heat of compression may be in some measure compensated 
by the higher temperature of the mine which will increase the 
elastic force of the air in pipes and receivers. Something 
shoidd also be said for the cooling of the air by the escape 
of the exhaust from the cylinders of the coal cutters, and 
which, in expanding, takes up so much heat as to reduce 
the temperature by 2° or 3° ; the supply of fresh air may 
also be considered clear gain to the ventilation, however 
moderate the addition. 

I will now quote a few restdts which I give just as 
I find them stated, adding in each case my authority. 
At the trial of Mr. Firth's pick machine last year 
at West Ardsley, Mr. Bramwell, C.E., reported to 
the Mechanical Section of the British Association, that 
" the machine did its work with the most perfect exactitude, 
cutting a horizontal groove instead of the inclined groove 
cut by hand labour, and wasting, therefore, the minimum of 
coal.'* The rate in which it travelled in the Middleton 
seam was half a yard forward by one yard in depth of cut 
in each minute of time.'' Mr. Firth himself claims cutting 
20 yards in length an hour, holed a yard deep ; but in 
practice he considers 10 yards an hour a fair rate.* 

* I select the following data from a paper read to the Cleveland Institu- 
tion of Engineers, by Mr. William Firth. With respect to the difference in 
the amount of manual labour in hewing by hand or machine, a day's work is 
taken, in which the get is 60 tons (** which would come out of 46 yards of 
machine working).*' 

Men cutting, filling, timbering, drilling, road-laying, 

blasting, and all needful work, up to filling the corves . . 30 men 
With machine — a man and two boys, equal to . . 2 men 

All other work) up to filling corves 15 ,« 

— 17 „ 

iTic foUowinpr 
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Gillott & Copley claim for their rotary saw cutter a fair 
average of 30 yards per hour, holed 3 feet 4 inches deep, 
and with 27 Ihs. per inch pressure in the air engine. 

Winstanley & Barker state that their disc cutter will 
hole 30 yards per hour, 3 feet deep, with a pressure of air 
of about 25 lbs. on the inch. 

In a paper recaitly read by Mr. F. Hurd to the North of 
England Institute of Mining Engineers, that gentleman, 
speaking of Hurd & Simpson's coal-getting machine, states 
that " In the perfected machines which are at present in 
use, the speed of work with a pressure of air of 20 lbs. to 
the square inch, may be reckoned at 30 yards per hour in 
medium hard coal — the groove made being 3 inches deep 
and a yard wide. Taking stoppages into account for 
removing and adjusting the machine, the average may be 
taken at one-third less." 

The Gartsherrie, or chain cutter, is stated by Mr. Jeans 
to have worked for a considerable time at the rate of 
300 to 350 feet to a shift of eight hours — say 14 yards 
an hour, and representing about 75 tons of coal. 

I must here close this very discursive view of these mere 
mechanical applications to relieve rather than supersede 

are abstracts from reports on tho working of Firth's machines : — 

Park Lane Coal Company, 4th March, 1874. — The average of 12 hours 
was 6 yards 20^ inches per hour, holed 39 inches, including aU stoppages, 
about two hours. The air pressure was 47 lbs. per inch, and the strokes of 
the pick about 54 per minute. The next day the average length cut per 
hour was 7 yards 12 inches. 

Mr. Maddison, manager of WooUey Park Colliery, gives an average day's 
work by Firth's coal-cutting machine at that colliery, February, 1874 : — 
'* Total length done in 10;; hours, including all stoppageM^ 107 yards, or 
10 yards 15 inches per hour. The seam is the Bamsley thick seam, and 
is 9 feet thick." The pressure of air averaged about 44 lbs., the strokes per 
minute 55, and the depth holed was 42 inches, and the width of groove 
2f inches. 



99 . 

kuman labour. There is no likelihood of their cffectiDg 
any sudden revolution in the getting of coal, for it will take 
long to secure confidence in their use, and establish their 
claim on economic groimds ; but coupled with the intro- 
duction of air engines, not only to actuate them, but also 
do much of the other heavy work of the mine, I look 
forward to a vast development of these applications of 
mechanical ingenuity to lighten the toil of the miner, 
produce more useful coal, decrease the perils of coal getting, 
and also the cost of its extraction. 



Mr. Plant said he had much pleasure in moving that the 
thanks of the Society be given to Mr. Traice for his very 
exhaustive paper on coal-cutting machines. 

The motion was seconded and passed unanimously. 

Mr. Dickinson said the paper of Mr. Traice is more a 
history of the coal-cutting machine than a description 
of the mechanical details. There is one point about 
which I would like to ask Mr. Traice — that is, with 
regard to the power of the air engines, which he named 
incidentally. He said that from 40 to 50 per cent, of the 
power of those engines is utilised. 

Mr. Traice : I got that statement from two or three 
sources. Mr. Firth states it. Of course, it is entirely a 
matter of experience. It is impossible to pay how much is 
utilised of the power of any machine without actually 
testing it. 

Mr. Dickinson : It is, of course, a matter for experiment. 

Mr. Traice : Mr. Firth says from 40 to 50 per cent, of 
the power given off by the steam engine to the compressor 
is realised in the work. I have found the same statement 
elsewhere. 
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Mr. Dickinson : It would be satisfactorj' to know whether 
that statement is made on actual experiment, or whether it 
is a mere rough guess. I never myself, but on one occasion, 
made such an experiment. There were two of us to conduct 
it — a colleague of my own indicated the steam engine on 
the surface at the same moment as I indicated the air engine 
imderground ; but the percentage of power utilised by the 
air engine bore a much less proportion to the numbers 
which you have stated. Fifteen horse-power was exerted 
by the steam engine to compress the air, and one, nine-tenth 
horse-power was given off by the air engine. 

Mr. J. S. Martin : What length of pipe was the air 

forced through before it reached the engine ? 

t 

Mr. Dickinson : Probably 1,000 yards. It was one of 
Firth's machines. 

Mr. Martin : I should think the length of pipe must 
influence it. 

Mr. Traice : They all say it does not. I can understand 
one cause — (I put it as a theoretical suggestion) — ^why the 
loss by friction, the only loss we anticipate, is so small. It 
is this : — Of course the compressed air is cooled before 
descending the mine. Much of the heat given out by 
the compression of the air is absorbed by water ; so, 
supposing it to descend at 50®, the further it gets 
into the mine the temperature will rise, according to the 
part of the mine to which it is conveyed, to 70® or 80®, 
and its elasticity will be increased by this warmth. Mr. 
Walker gives a number of examples of distant workings, 
and he states generally that practically there is no difference 
experienced at the remote parts of the works. They all 
seem to concur in Ihat statement. 
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Mr. Clsgo Livesey said he believed that GrUJekge numl>er 
of experiments recently made showed that air .<^ippres8ed 
two atmospheres would give oflF a very much Urger per- 
centage of work than air compressed to a much Mgher 
degree ; and that it might be compressed so much tha^.-^ou 
actually got little more power than was given by half ' tfik; 
pressure. 

Mr. Traicb : That is theoretically true, supposing that 
the size of the pipes remains the same for high as low 
pressure. 

Mr. Glegg Livesey : It is, therefore, necessary to take 
very much larger pipes and larger engines if you would 
work economically. The fact is, we do not require any 
heavier pipes, because a pipe, to bear the pressure of two 
atmospheres, will do much thiimer than one to bear a 
pressure of four atmospheres ; therefore, it is a mere ques- 
tion of testing them, and having everything prepared for 
the working of air. Then you may get oflF 40, or 50, or 60 
per cent. 

Mr. Plant : I feel interested in knowing what would be 
the verdict of our practical coalowners in reference to past 
experiments with, or practical working of, coal-cutting 
machinery in Lancashire. Is their experience favourable 
to their continuance, or are there so many obstacles in the 
way of the use of these machines that, practically, they are 
not of great value P I am sure there are members of the 
Society here who will be able to answer that question. 

The Chairman : I am sure we shall be glad to hear the 
opinion of anyone who has tested these machines practically. 
I have not done so myself, and I have not heard favourable 
reports of any that have been tried in Lancashire. Several 
colliery owners I know have tried them, but the reports arc 
such that I should not be induced to purchase one as yet. 
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Mr. MA|iT|^-8aid that at the Gartsherrie pits, three years 

ago, he-.s^wr a machine which seemed to do its work 

very satis&ctorily. When he was there several breakages 

or ints^Tuptions occurred in the chains for self-propelling; 

In^t.'jofherwise the men seemed to speak very favourably of 

;.It'tndeed. 

•/.' The Chairman: Those who have seen the machines at 

work admit that they do the work very well; but the 

question is — Do they do it more economically than it is done 

by hand labour ? Some machines, I believe, require as 

many people to apply them as would absolutely do the work 

without them. 

Mr. Martin said that in the instance which he had 
mentioned three men worked the machine. Each " face " 
was 100 feet, and it cut three faces during the eight hours' 
shift. 

The Chairman : We must not lose sight of the fact that 
though there may be only three men at the machine, after 
the machine has done its " holeing," or imdercut, if some 
one is required to get the coal down, some one to get it 
away, and the road wants taking up, re-levelling, re-laying, 
and propping before the machine can be applied again. 
Taking the work of coal-getting as a whole, it is a question 
which is the more economical, the machine or hand labour P 
because, after all, however well the machine may work, it 
is purely a question of pounds, shillings, and pence. 

Mr. Martin said that in the instance to which he had 
referred, the coal cut was removed in time for the machine 
to commence another cutting on the following day. He 
should mention that there was a good roof to the mine. 

The Chairman observed that a good roof was always 
necessary in the economical working of mines, with or 
without machines. 

This concluded the discussion. 
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The following paper was then read : — 

ADDITIONAL NOTES ON THE MILLSTONE GBIT 
OF THE PARISH OF HALIFAX. 

By Mr. James Spencer. 



The upper part of the rough rock is generally of a very 
Tariable character ; the first two or three or four yards are 
generally false bedded, and rough worthless sandstone, next 
follow from eight to twelve yards or so of massive grits, 
gradually becoming finer in grain towards the base. This 
portion in the neighbourhood of Halifax is extensively used 
as a paving material, for which it is eminently adapted. 

Directly underlying the grit, in some places separated 
from it by a bed of shale, but very often by a mere tracing, 
and sometimes without any distinct line of division, except 
the ordinary line of bedding, there occurs another rock, 
which, in this part of the country is called by the stone- 
miners the " Flatstone Rock." This Flatstone is the 
equivalent of the Lancashire Lower Flag Rock. This 
bed, when it occurs directly under the grit, only differs 
from it by being somewhat thinner bedded, for a hand 
specimen of each cannot be distinguished from one another, 
but when the flatstone is covered by a thick bed of shale 
it assumes a^different aspect, it then becomes a true flag 
rock, readily splitting into flags, and often becoming 
interstratified by layers of shale and rag. This flag rock 
is foimd under the rough rock everywhere in this district, 
and is extensively wrought at various places in Stainland 
and West Vale, Calderdalc and Wheatley Valley, but in 
the Moimt Tabor and Moor End quarries, and on Hunter 
Hill, and in the celebrated quarries of Fly and Nab End 
it is wrought at the surface without any covering of rough 
rock, and forms deep quarries of some 60 feet or more in 
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thickness of rag, shale, and stone. Nab End is the extreme 
northern range of the Halifax rough rock and its under- 
lying flag-rock ; from Nab End it turns due east with a 
gentle dip to the edge of the Denholme Coalfield, which 
owes its preservation to a great downthrow of the strata. 

The Fly quarries flag-rock is termed on the Geological 
Survey sheets the " second grit-rock", and is marked as the 
equivalent of the Haslingden flags. I believe that our 
Yorkshire flatstone is the equivalent of the Haslingden 
flag-rock, but why the Geological Surveyors should erect 
this flag-rock into a distinct division, I cannot imagine. 

When I read my paper on the Millstone-grit Rocks of the 
Parish of Halifax before this Society,* the Survey sheet of 
the Todmorden district had not been published, I was 
not even aware that the Geological Surveyors had been 
in the district until last summer. 

In that paper I separated the millstone-grit rocks into 
four divisions, separated from one another by thick beds 
of shale. It was with great pleasure that I saw the 
Geological Surveyors had done the same, and that my 
Nos. 1, 3, and 4 grits agreed with theirs, but when I saw 
that their No. 2 rock diflPered from mine, I determined to 
go over the groimd again and try if I could make mine 
agree with theirs. But the result of my re-investigation 
went on the contrary to confirm my origiifal conclusions, 
that my No. 2 grit was a distinct rock, separated from 
the rough rock above, and from the third or gannister 
series below, by thick beds of shale; on the other hand, 
notwithstanding the greatest desire to do so, I failed in 
procuring cAnidence to warrant me in erecting our flag-rock 
into a distinct division. 

There are many excellent sections of the rough rock and 
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flag-rock exposed along the edges of Wheatley Valley, and 
there, if anywhere, we ought to find evidence of the flag- 
rock being a distinct and independent rock, but I find 
that within the space of half a mile, and even less, there 
are two distinct beds of flag-rock. I have traced these 
beds, from where they occur in great thickness, at the base 
of the rough rock, to where they gradually thin away and 
become lost in the rag and shale below, and I have traced 
the beds of shale which divide them from the rough rock to 
where they thin away within the distance of about half a 
mile, and there become lost entirely in the mass of rough 
rook. In fact, the rough rock appears to give off at certain 
intervals an irregular succession of beds of shale and 
flag-rocks, sometimes the shale begins in the middle of 
a face of rough rock and rapidly increases in thickness, 
there is a good illustration of this fact in the cutting on the 
new railway to Ovenden, near North Bridge, Halifax, where 
may be seen a wedge-shaped bed of shale, which begins at 
a point in the midst of a mass of coarse grits, and in the 
distfuice of about 25 yards increases to 12 feet in thickness, 
the shale becoming divided by beds of rag and grit, massive 
beds of grit again covering the shale, about 20 feet below 
the shale there is about 21 feet of very good flag-rock, 
which lies directly under the grit without the intervention 
of a bed of shale. 

Under the town of Halifax, and in the rough, hilly dis- 
trict between Halifax and Huddersfield, the rough rock is 
well developed, sections showing from 60 feet to 100 are 
often met with, and wherever it crops out from imder the 
coal strata in this parish, it consists of thick beds of coarse 
grits, the upper portion false bedded, and the lower portion 
fine gritty ashlar, and, almost invariably at the base, the 
flag-rock occurs. 

If we take a line from Halifax northwards, up the eastern 
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side of ^Vheatley Valley, and across the moors to the edge 
of Oxenhopo Valley, wc have the rough rock under our feet 
all the way, eastward of this line it dips under the range 
of lower coal-measures. At Denholme there is a narrow 
tongue of coal-strata which lies in a trough formed by one 
or more great faidts, and the rough rock may be seen 
cropping out from under the coal-strata on either hand. 

Rising gently to the west, it forms the bold headland of 
Hambledon Hill and Nab End, 1,400 and 1,473 feet respec- 
tively above the sea, from this hill a splendid prospect is 
laid out before the spectator. In the foregroimd lies the 
deep valley of Oxenhope, which leads down by Haworth to 
Keighley, further north a succession of hills and dales 
stretch away to the Pennine chain, and in the distance the 
hills of Craven form the background ; Ingleborough, 
2373 feet ; Pennegent, 2231 feet ; and Fountain Fell, 2191 
feet ; can be clearly made out on a bright day. To the 
west rises the brown and purple moorlands to Boulsworth 
Hill — the highest point of the Pennine chain in this 
district — ^which stands 1,700 feet above the sea level. 

At Nab End and Fly quarries the upper course grits 
have been denuded away, and the lower and finer beds 
and the flag-rock arc exposed, which are now, and have 
been for a long time, extensively quarried. In many of 
the quarries there is no rough- rock to be seen, but in 
some of those more to the east, that rock may be seen 
to gradually assume a flaggy nature, and to dovetail into 
the flag-rock, but as we go further westwards the rough- 
rock disappears and the flag-rock crops out at the surface. 
There is a bed of shale, about three feet in thickness, at the 
western edge, which increases to ten feet or more at the 
eastern side, and which extends over all these quarries, and 
divides the flag-rock into two parts. At Nab End the strata 
dip gently to the north and east, which is probably the 



107 

cause of the preseryation of these valuable beds of stone, 
for the moorlands, for some distance southwards, are formed 
hj a flattish saddle, which tilts the rocks to the north and 
south, and are devoid of both rough-rock and flag-rock. 
Directing our course now towards Halifax, we next meet 
with the flag- rock on Himter Hill, below this hill it forms 
a flattish table-land from Moor End, on the western edge 
of Wheatley valley to Sentry Hill, on the eastern edge of 
Luddenden valley, below this line the rough-rock comes 
on again and occupies the surface, having the flag-rock at 
its base, all the way down to Halifax. 

From the description here given of the connection of the 
flag-rock with the rough-rock, it appears evident that the 
occurrence of the flag-rock at the surface is due to the fact 
of the rough-rock having been denuded away, and not to 
its being an independent rock. It may seem somewhat 
presumptuous, on my part, in venturing to question the 
authorities of the Geological Survey, but I am boimd to say 
that a long and intimate acquaintance with the grit rocks 
of Yorkshire, where the rough-rock and flag-rock are fre- 
quently to be seen dovetailing into one another, has irre- 
sistibly led me to the conclusion, that they are but different 
parts of one and the same rock ; and that they were formed 
contemporaneously and conterminously. 

The Section illustrating this paper traverses the eastern 
edge of Wheatley valley, from just above the village of 
Wheatley to a short distance above Mixcnden, and gives in 
detail the variations and changes which take place in the 
several beds in the district indicated. 

The thickness of the rough-rock and flag-rock combined 
is 100 to 150 feet. The shales below are about 150 feet 
and the second Grit about 30 feet. All the rocks in this 
locality, more or less, exhibit characteristics already re- 
ferred to, but especially is this the case with the main bed 
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of No. 3 Grit, that rock in several looalities shews the 
rough false-bedded and wedge shaped beds at the upper 
portion suooeeded by thick beds of fine grained grits in 
the middle, and at the base graduating into a good flag, 
rook, the same dual character may also be observed in tho 
true flag-rock which crowns the Lower Coal Measures. 

In the Ringby quarries this rock is composed for some 
yards of false bedded fence-stone at the top, thick beds of 
rag-stone in the middle, and thick beds of ashlar and flags 
at the base; but on the eastern side of the hill the beds 
are much thinner and true laminated flags abound, 
a bed of shale runs through the whole of the hill, which 
is found to increase in thickness to the south-east, and from 
a few feet in Ringby it becomes many yards in thickness 
in Southowran. 

I think that there can be no great difficulty in explaining 
the occurrence of these two kinds of rocks in one and tho 
same bed. Elementary works on Geology teU us that 
coarse sand is deposited near the shores of seas, lakes, 
estuaries, &c., the finer particles are carried further by 
the current, and that further out still, fine silt or mud is 
deposited, this was admirably shewn by Mr. Green, F.G.S., 
of the Geological Survey, in his very able " Lecture on the 
Coal Formation," delivered at Manchester, and any one who 
reads that lecture cannot fail to imderstand how a thick 
bed of coarse grained grit should become, within a short 
distance, converted into beds of fine grained laminated 
flags, and that the very same beds should eventually 
become beds of rag and shale. 

This seems to me to have been the normal mode of 
deposition of these sandstone beds, but here and there wo 
meet with beds which have evidently been formed in an 
irregular manner, these cases can be readily accounted for, 
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when we oomo to recollect that changes of currents and 
lereb often occnrred during their deposition. 

The application of the theory explained in the foregoing 
remarks, is, and will he more so in the future, of immense 
practical importance to those engaged in stone-mining, 
the value of stone has recently increased so much that 
even now it will pay to uncover old quarries, and ex- 
tract the bottom stone, and the cost is likely still further 
to increase on account of the difficulty of extracting it, 
K, however, we can point out with an approach to precision 
the place where good stone may reasonably be expected to 
be found, (which appears to be quite possible,) we shall 
stimulate the study of practical geology, and benefit commer- 
cial enterprise. 

Having endeavoured satisfactorily to prove that the 
so-called No. 2 Grit of the Geological Survey is only the 
lower portion of the Rough Rock, I will, after describing 
the intermediate shales, draw attention to the rock which I 
believe is the real No. 2 Grit. 

At the base of the flagrock, a series of beds of bluish and 
dark coloured shales occur, from 150 to 250 feet in thickness, 
these are seen in great force under Nab Hill, and also in 
the valley of Wheatley and its deep doughs, in Ogden, 
Skirden, and The Carrs, and in the ridge which divides that 
valley from Cold Edge, also on the eastern side of Ludden- 
den valley, and in the valley of the Calder, from Sowerby 
Bridge to Elland. These shales were formerly considered 
to be barren of fossils, but, some years ago, I found a thin 
stratum in Wheatley Scar, about 90 feet below the flag-rock, 
which contained Oonintites Lhteri and Avkiilopeden, The 
stratum in which they occur is only about four inches in 
thickness, and the shells are all flattened and crushed, 
they occur in various sizes from that of a pea, up to two 
inches in diameter, Modiohi is the next most abundant 
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fossil, parts of a NaiUilm and an Orthoceraa were met with, 
I found the same stratum in Ogden Clough, Avicuhpecten 
were there more common than in the former locality, and, 
very recently, I came across the same stratum in The Carrs, 
near Within's Hotel; in Cold Edge I was shewn another 
bed at a lower level than the first, which contains several 
species of Goniatites. 

Ooniatites Listen is very rarely foimd in the Yoredale 
and Millstone Grit rocks of this district, although they 
occur so abundantly in these shales, where above a score 
of species and thousands of specimens have been found. 
It is only when we come to these upper Millstone 
Grit shales that we find the G, Listen occurring in great 
n\mibers, this species also abounds in the marine bed of the 
Halifax coal strata. 

Goniatites reticiilatus, which is the most common fossil in 
the Yoredale rocks and also in No. 3 Grit series, occurs but 
rarely in this upper fossiliferous bed. 

These shales, therefore, seem to be the boimdary line of 
these two species of Goniatites in this part at least, for I 
wish to guard myself from generalizing from merely local 
data, where one begins to die out and the other to take its 
place. 

Towards the base of these shales there is a bed of coal 
which varies in thickness from two to eight inches, it 
extends over the whole area occupied by these shales, from 
Nab Hill down to the river Calder, and has been wrought 
at several places, including Brooldiouse, near Mixenden, 
and Cold Edge. The shales above it are very dark and 
bituminous, which probably helped to deceive the people 
who speculated upon finding a thick bed of coal in them. 
A most elaborate attempt was made to find coal in the 
game shales under Nab Hill, mines were driven, a shaft was 
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sunk and borings made, but with the usual disappointing 
results. 

It is a well-known fact amongst miners, that where there 
are thick beds of coal there arc also, almost invariably, one 
or more thin seams accompanying them, and it unfortun- 
ately also happens that many miners seem to labour imder 
the impression that, the converse of this fact must also be 
true, namely : — ^that where there are thin seems of coal 
there must also be thick ones. And they seem to have 
instilled this erroneous idea into the heads of the credulous 
farmers and proprietors of land so thoroughly, that even 
now, in spite of the numerous failures, the notion is strongly 
believed in, even at the very places where the failures have 
been the most conspicuous. 

In Higher Oxenhope the coal seam is a very useful guide 
in enabling us to trace the line of the second Grit Eock, 
for along the base of Nab Hill the strata is covered up by 
a talus of deb^ris derived from the weathering of the shales 
above, so that it is difficult to determine the position of this 
rock. At Nab Water it may be seen in the water course, 
composed of a bed of sandstone and beds of rag and strong 
raggy stone, 50 feet or so in thickness. From Nab Hill to 
Cold Edge its thickness does not seem to vary much, but 
from the latter place it gradually increases in thickness to 
the south-west, and along the eastern edge of Luddenden 
valley it becomes a very important rock, and is largely 
quarried for building purposes. 

The upper portion of Wheatley valley has this rock at 
the surface, above Mixcnden the ground vras formerly 
strewn with large white blocks from this bed, which have 
since then been cut up and used in the construction of the 
Mix^den reservoir and other building purposes, for which 
it is well adapted. It emerges froih under the other sidfe 
of the hill at Cold Edge and forms the 6ui*face froin Lumb 
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Mill to the Reservoir. A great deal of the white grit has 
been cut up there for sets and building purposes, it covers 
the moor as far as Stoney Edge and Rocking Stones. 
It is a most beautiful clean white stone, part of this 
whiteness is due to the bleaching action of the weather, 
but its fine crystalline nature may be seen even in the 
heart of the quarries further down the valley, one or 
two of the upper layers of this rock seem to be almost 
entirely composed of pure quartz in minute grains, and in 
specimens which have been exposed to the weather they 
sparkle like brilliants. This rock passes from Luddenden 
valley along the edge of Calderdale to below Sowerby 
Bridge, where it appears for the last time in the cutting, 
midway between that place and the village of Copley, and 
is there seen to sink below the overlying shales. It re- 
appears in the upper part of Stainland valley, but how much 
further south it extends I have not as yet ascertained. In 
the above cutting the band of coal with its imder-clay may 
be seen in the shales above the sandstone. 

It is a fact well known amongst geologists, that every 
bed of coal has under it a kind of clav, called seat-earth 
by miners, the seat-earth in the Third Grit series is 
generally replaced by a peculiar rock called " calley-stone," 
and which is also known as galliard and gannister rock. 
It varies very much in texture and colour, but it is 
generally a very fine grained, yellowish, hard, splintery rock, 
which give a ringing sound when struck by the hammer, 
at other times it is a hard mottled gray rock, the 
Stigmaria which occur in this calley-stone, are so well 
preserved that the piths are foimd intact in the centre of 
the plant, in the ordinary seat-clays the piths have dis- 
appeared and nothing is left but a hollow space along the 
outside of the plants to indicate their former position. 

One of the reasons which induced me to keep this Second 
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to form the third series, was the absence of the calley-stone 
from the strata above, and its prevalence below this rock, 
even on the top of this rock there is a yellowish sandstone 
which somewhat approaches to the character of a calley- 
stone, but the shales above are entirely free from it. In 
connection with the next sandstone which occurs below the 
Second Ghit, there are two or three beds of calley-stone, 
each containing Stigmaria and other fossil plants. Below 
this sandstone there is a rock of a very peculiar character. 
It is a soft bluish thin-bedded stone, which, in Higher 
Oxenhope, is quarried for the purpose of making grind- 
stones, which find a market in Leeds and Sheffield. This 
rock and some thin strata below it are full of worm 
tracks, known as Vermiculites. I have traced this bed for 
a distance of ten miles, from Oxenhope valley down to 
Luddenden valley, and have found it of great service in 
aiding me to fix the relative positions of the rocks with 
regard to one another. 

Another reason for separating this Second Grit from the 
third series is the fact of the most common fossil in the 
Third Gbit series being nearly absent from the strata above 
the Second Grit ; Gomatites reticulatus occurs in them but 
sparingly, while on the other hand, Ghniatitea Listeri is 
the prevailing fossil in the upper fossiliferous band of 
these shales, and it occurs again very plentifully in the coal 
strata above, where Ooniatitea reticulatm is rarely foimd. 

In a future paper I purpose to treat of the Third Grit, its 
character and fossils with special reference to the new facts 
brought to light by the sinking of the shafts on Wadsworth 
Moor. 

The rough-rock, as a rule, is very barren of fossils, but 
the flag-rock below is very rich in fossils, in nearly all 
the places where this rock is wrought^ fossil plants have 
been found. 
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The Sigillaria, Lepidodvndron, and Calamites are repre- 
sented by most of the species usually met with in the coal 
measures, Stigmaria are very common. Halonia is repre- 
sented by both its common species — Halonia regularc and 
irregulare, Knorria is not very often met with. UToden- 
dron is fairly represented. Fatularia (Sigillaria) is 
frequently met with, there are at least three species. 

Ferns are very plentiful in some places, the genera, 
Pecopteris, Neurqpt^s, Odontopteris and Sphenopteris have 
been found. 

Stembergia or Dadoxylon is the most common fossil 
plant in the Grit rocks. 



The thanks of the meeting were given to Mr. J. Spencer 
for his communication, and for exhibiting specimens of the 
rocks and fossils alluded to in the paper. 

Discussion upon the points raised by Mr. Spencer's 
division of the Grit Rocks, was postponed for a future 
meeting of the Society. 



The following communication from E. "W. Binney, F.R.S. 
was read, — 

At the meeting of the Manchester Geological Society, on 
the 23rd December last, a discussion is reported on Mr. 
Dickinson's Paper, (page 29,) wherein it is stated that, " The 
separation between the true Permian, of which specimens are 
before us, and any of the beds of either the Bunter or the 
Keuper formation, is, without doubt very clear and well defined 
in some places, even in Lancashirci At Collyhurst, for instance 
we see the line of separation between Permian marls, which 
Hre fossilifetous, containing species of Schizodus, Bakevellia, 
and other shells, which have never yet been obtained from 
the overlying strata belonging to the Triassic series, that of 
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itself, is sufficient with all our eminent geologists to mark 
tho true definition between these two great formations.'* Now 
without doubt any geologist would easily recognise the 
Permian strata by finding the fossil shells above named, but 
still the passage of Permian into Trias is by no means so 
marked and well defined as you find it laid dowTi in books 
and on maps. At St. Bees Head in Cumberland the Mag- 
nesian limestone there is full of GervilUa (Bakereilia), and 
Sckizodus ; it passes upwards into red marls with granular 
gypsum, which in turn go into the upper Permian sand- 
stone that extends down as far as Fumess, and is there 
seen at Hawcoat and Fumess Abbey overlying the Magnc- 
sian limestone of Stank, but to my knowledge no person has 
clearly traced this upper Permian sandstone passing into tho 
Trias, in fact no one has seen this upper Permian sand- 
stone in South Lancashire, so far as I know the only rock 
like it is that in Knowsley Quarry, alluded to by me in a 
paper on the Permians of South Lancashire.* 

The pebble beds of the Trias near Manchester, as stated 
by me in the Transactions of this Society f more than thirty 
years since, at Newtown pass gradually into the imderlying 
Permian marls, so you cannot tell when one formation ends 
and the other begins, except by the fossils, and here we see 
nothing of the upper Permian sandstone. 

The Permian and Triassic strata are not liked by coal 
miners or geologists, as tho former do not think them favor- 
able for coal, and the latter do not find many organic 
remains in them. It is well worth the attention of the 
members of the Society to devote special study to the 
Permian and Triassic strata of Lancashire and Cheshire, and 
obtain more information respecting them by personal 
observation. 



* Transactions of tho Man. Lit. and Phil. Soc. vol. iii, (3rd series), p. 113. 
f Binney on the Geology of Manchester, T. M. G. Soc. vol. i, p. 39. 
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At the Ordinary Meeting of the Members, held on 
Tuesday, 28th April, 1874. 

Mr. J. AiTKEN, F.G.S., Vice-President, in the Chair. 

There were twenty members and visitors present. 

The following additions to the Library were announced. 

By Donation : — 

Broadhead G. C, | Geological Survey of Missouri. Prelimi- 
Stato Geologist. ) nary Heport of the Iron Ores and Coal 

Fields, from the fieldwork of 1872. 
Imp. 8yo. 1873, with Atlas of 14 large 
Maps and Sections. 

Broadhead, G. C. ) Ecports on the Geological Survey of the 
Meek, F. B. } State of Missouri, 1855—1871. Koyal 

Shumard, B. F. ) 8vo. 1873. 

Hayden, F. Y. ) First, Second and Third, 1867-8-9, and 
State Geologist. ) Sixth Annual Ecports of the United 

States Geological Survey of the Terri- 
tories, for the year 1872. 8vo. 1873. 

'' Proceedings of the South Wales Institute of Engineers," 
No. 5, Yol. 8, Dec. 1873. 

Sitzungs-Berichte, Isis. April to Dec. 1873. Dresden. 

From Professor Owen. 

** Description of the Skull of a fossil Dentigcrous Bird." pp. 
12, 8vo. 

By Purchase : — 

Barkas, T. P., F.G.S. 

<'A Manual of Coal Measures Palseontology," with folio 
Atlas of plates. Eoyal 8vo., 1873. 

Oeikie James. 

•* The Great Ice Age, and its relation to the Antiquity of 
Man," 8vo. 1874. 

Palffiontographical Society, publications for 1873. Vol. 27* 
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THE LATE PEOFESSOR J. PHILLIPS, M.A., LL.D. 



The Chairman said, before we proceed with the ordinary 
business of this meeting, it is my painful duty to allude to 
an event which has happened within the last few days, and 
the announcement of which has been to myself, and I am 
sure it must be to all a source of profound grief. I 
allude to the death — ^the untimely death — of a gentleman 
who has made himself a name in the scientific world, and who 
was not more beloved in the circle in which he moved in the 
scientific world, than he was, in his social and domestic 
relations. That gentleman was Professor Phillips, of the 
University of Oxford. He was one of the oldest 
honorary members of this Society. I believe he was 
connected with us for a period of thirty years, 
and I am sure we have all felt a great pleasure and 
satisfaction in knowing that he identified himself with the 
labours of the Manchester geologists ; we deplore the 
untimely death of so distinguished a man. I trust this tri- 
bute of respect, which I beg to offer on behalf of the Society, 
will find a place in the Society's Transactions. 



ON PLEISTOCENE MAMMALIA, FOUND NEAR 

CASTLETON, DERBYSHIRE. 

By Mr, J. Plant, F.G.S. 



Referring to a large collection of bones of the Bison and 
Reindeer, which were exhibited upon the table, Mr. Plant 
said: — 

On Friday, April 3rd, two yoimg men, Henry JIavelock 
Hindshaw, and Ethelbcrt Ramsbottom were hunting over 
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the- hills surrounding Castleton for plants and fossils, when 
by accident they loosened a quantity of debris which 
gave way under their feet, and Hindshaw discovered 
in the lowest part of the bank, several bones sticking 
amongst the clay and limestone sinter. After clearing 
away a quantity of the loose earth and stones, a good 
many large bones were obtained, some of them quite 
covered with an encrustation of lime, which had to be broken 
to release the bones. The largest bones brought away on 
this visit were the upper portion of the front of the skull and 
horn-cores of a great bovine animal, a large femur, and 
several vertebrae. The bones were shown to me soon after, 
and upon examination I was much struck with their 
appearance, and of the probability of their being the fossil 
remains of the extinct Bos, or Bison. I sent a drawing of 
some of them to Mr. Boyd Dawkins, for his consideration. 
On the 18th April, the young men visited the place 
again, and brought away a larger number of bones, 
similar to the first, as well as parts of antlers, teeth, and 
bones of a deer ; and on the 25th April I went with Mr. 
Hindshaw, and made a careful examination of the locality, 
dug out a fine collection of bones, both from the debris and 
from the calcareous matrix, in which many of the bones 
lie embedded, making sketches and sections of the geological 
features, which belong to the place and neighbourhood. 

The locality is on the south-west flank of the well-known 
Mam Tor, there is not, in its appearance, the slightest 
encouragement for anyone to look for bones of this 
description, for the place has not the slightest resemblance 
to caves, largo fissures, or expositions of rock, which woidd 
lead anyone to suppose that bones lay there. The place is 
called Windy Knoll Quarry. It lies very near to the junction 
between the Yoredalo shales of Mam Tor, and the great de- 
velopment of Mountain limestone, which runs far away to the 
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east of the locality — not quite at the junction, but a little over 
the boss of the mountain limestone. When you are approach- 
ing Castleton from Chapel-en-le-Frith, the low rise of the 
ground is evidently related to the long slope of Mam Tor, 
which is so prominent upon the road to Castleton. The 
low hill on which these bones are found is one of some 
interest, because, I believe, it separates the drainage of the 
east from that of the west, certainly the Castleton streams 
fall into the Derwent, and so into the Humber ; 
and the drainage dowTi the valley towards Chapel-en-le- 
Frith, from this point, flows idtimately into the Mersey. 

The flanks of Mam Tor are over-spread with drift — very 
local in its character ; and a thin coating of drifted debris 
is foimd upon the mountain limestone in the neighbourhood, 
and partly down the Winnats to the east ; and from the red 
colour of the loam which is shown here and there by the 
wearing of the groimd, there is not the slightest doubt that 
these drifts were originally derived from the washing and 
wearing of the shales and sandstones of the great escarp- 
ment of Mam Tor. 

At the foot of Mam Tor, there are enormous accumidations 
of shaley debris, which block up the water courses, and 
give a broken and rugged character to the talm on 
descending into Castleton. The place where the bones are 
embedded presents the appearance depicted in this sketch. 
The limestone rocks come up from below — ^no great 
elevation, not above 10 or 12 feet at the utmost — and are 
overlaid with patches of loam and stones. Of course the 
groimd has been considerably altered by excavations, which 
have broken into what was once a low continuous hill. I 
tracked from Mam Tor patches of loam lying in several 
recesses of a tolerably even and level slope of Yoredale 
shales ; and crossing the valley, found that for a con- 
siderable distance, perhaps a mile, they are lying on the 
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mountain limestone. There is no appearance in this 
locality of any of those remarkable features which we 
often see in moimtain limestone districts, called swallow 
holes. It is an even and regular piece of gently roimded 
ground, here and there, just covered with patches of redish 
loam. After a verv careful examination of himdreds of 
the embedded stones of no largo size, I was not able to 
find any that might be said to have been derived from the 
Yoredale shales and sandstones, they were all limestone; 
therefore, whilst the loam may have been derived from the 
weathering of the shales of Mam Tor, the gravel, that 
is, the stones contained in the clav — must all have been 
derived from the wearing of the limestone rocks over which 
the drifted loam had to pass. 

I learn from several persons that bones must have been 
foimd in working the limestone in the locality for many 
years past, but they have been associated ^vith the 
bones so commonly found on these mountain districts — 
of horses, sheep, and of cows. The quarrjTiien getting 
limestone supposed that the bones they dug out, of 
the gravel were at some ancient period, covered over, 
and were simply bones of the existing races of 
animals, and they therefore excited but little notice. 
I have endeavoured to ascertxiin whether it is possible 
for this debris and these angular pieces of limestone 
to have been accumidated by any process of clearing 
the ground for getting limestone, but its wide extent 
precludes any such idea. It is impossible that over an 
extent of about five miles, loam and fragments of limestone 
could have been so accumidated. The surfaces of the 
limestone, which are immediately covered by the debris, are 
rounded and smoothed in the manner we are accustomed to 
see surfaces of limestone, which have been subjected to 
long scouring by the action of water, and although I could 
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not find any strise, the polislied surfaces sufficiently show 
that there must have been an abrading force of some kind 
acting upon the rocks. The deepest part of the debris is 
about 12 feet, it extends 30 or 40 feet on the slope, 
away from the face of the limestone. Its sides are covered 
with debris that has fallen in the working, which we 
may call an acciunidated talm. 

The fissure is not more than three or four feet wide, 
which contains these bones, how far it may extend along 
the buried surface of the limestone can only be conjectured, 
but it appears as if there must be a very great length of it. 
In searching for the bones, masses of limestone have to be 
cleared away — loose masses — which have evidently drifted 
into the fissure. This fissure may bo said to be literally 
filled with bones, and Avith pieces of limestone embedded 
in loam. The bones vary very much in the manner in 
which they are found, if they are taken from the clay, they 
have only the ordinary appearance of buried bones, that 
is the character that you may see upon many of these ; 
but when this loam is removed and the limestone is reached, 
then it becomes a true calcareous sinter, holding the bones 
as tightly as they are held in any limestone cave floor. 

It is from this evidence that I had come to the conclusion 
that there can be no mistake as to the antiquity of the 
bones, whether they are embedded on the limestone covered 
with this stalagmitic matter, or whether they are found 
loose and appear to be only ordinarily embedded in the 
drifted debris. The chances of obtaining more of these 
bones will depend very much upon the quarrymen. If 
they clear away the deep clay from over the limestone it 
will be possible to get at them. But I think there can be 
no doubt that we have obtained a good collection, which is 
now displayed before you, it is imusually rich in large 
perfect bones, and the discoverers may consider themselves 
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fortunate in having obtained so many treasures. I refrain 
from giving any description of the bones, because Mr. 
Boyd Dawkins has offered us the benefit of his great 
experience in these matters. Those who visit the locality 
will perhaps be fortunate in extending our knowledge of 
such matters by searching over the whole ground on the 
flanks of Mam Tor, because from what I have seen during 
three days' working over the district, I believe this is only 
one of a nmnber of what we mav call " mammalian 
tombs" which may be found in that district for at least a 
mile, or two miles. They have never been worked, because 
the object of all workings is to obtain limestone, spar, or 
metals. There are many hummocky hills apparently com- 
posed of this debris, some of which I have not the slightest 
hesitation in sajong, at some future time, will be found 
to be great storehouses of bones of extinct animals. I think 
great credit is due to Mr. Hindshaw, because his in- 
stinctive feelings led him to bring away, as something 
remarkable, what would appear to an ordinary observer 
to be bone of a horse, or of an ox, which had been killed by 
falling into a hole, an event of common occurrence on these 
wild moors. 

The Chairman : We are all indebted to Mr. Plant for his 
communication, which appears to me to be an important 
one ; I do not quite understand whether the bones were 
fomid in a fissure in the limestone, or were simply laid 
upon the limestone, and under the drifted loam, but, from 
the drawing now exhibited, it appears to be a fissure 
wholly in the limestone, which has got filled up partially 
bv bones, and subsequently covered by an accumulation 
of debris. The discovery is more interesting to myself, 
perhaps, than to any other gentlemen present, for, some 
years ago, I visited this locality, and made some investigations, 
and in the clay over a hill — I suppose about half a mile 
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west of the Blue John mme, the immediate locality referred 
to by Mr. Plant — ^I found scattered about a number of 
massiYe bones, similar to those upon the table. I examined 
them, but my knowledge of animal physiology was not 
sufficient to enable me to determine whether they were fossil 
bones, or simply the bones of some recent animals which had 
been buried, and eventually exhumed in the getting of 
limestone. I hiave now no doubt, whatever, from the remarks 
which Mr. Plant has made to-day, that had these bones been 
collected and examined they would have offered the same 
degree of interest as these exhibited to-day. At the time, I 
did not think it worth while to bring them away. I am sure 
that the gentlemen present will gladly accord to Mr. Plant 
that hearty vote of thanks to which I am sure he is entitled, 
for having brought this matter before the Society. 

A vote of thanks to Mr. Plant was passed, on the motion 
of Mr. Boyd Dawkins, seconded by Mr. Forbes. 

Mr. Plant : It is undoubtedly a fissure, but one of no 
great extent, you can put your arms across it easily. It is 
a surface fissure, and the bones have evidently been washed 
into it, because they are mixed up so completely with the 
loose pieces of limestone, and the whole bedded in the 
loamy debris. 

Mr. Boyd Dawkins : Mr. Plant asked me to make a few 
remarks on this collection, but before I do so, I wish to carry 
away as clear an idea as I can of the exact conditions of the 
discovery. First of all with regard to this clay : I believe 
Mr. Plant has spoken of it as a drift comparable to 
the drifts in this part of Lancashire ; that is to say, a drift 
more or less connected with the glacial phenomena of this 
coimtry. I fear, from what he told us of the angularity of 
the stones — of the fact of there being blocks of lime- 
stone, and of these being embedded in clay which was 
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probably derived from adeposit in theneigbbourhood — ^no real 
proof exists tbat this clay is of glacial age, or glacial deriva- 
tion. I lay emphasis on this point, because it is a poi^t of very 
great value, as far as relates to this extraordinary collection 
of bones. From what I can see there is nothing whatever 
in this deposit to separate it from the superficial deposits in 
the valley near Castleton, which you will find on the flanks of 
the valley, pretty well everywhere. When I examined these 
the other day, in the company of Mr. Prestwich and Mr. 
Tiddeman, we came to the conclusion that they are not glacial, 
but the result of sub-aerial wear and tear of the rocks in 
the neighbourhood. Before I speak of these remains, I wish 
to mention that in the sub-aerial debris — ^in the sub-aerial 
accumulations, rather — some two years ago, Mr. John TjTn, 
the fossil collector, of Castleton, discovered a fragment of 
a tooth, which I identified as belonging to the woolly 
rhinoceros. There is evidence therefore, that the woolly 
rhinoceros lived when the debris was being formed. 
As far as I know that is the only animal found fossil in 
those superficial accumulations, with the exception of this 
verj'' remarkable collection ; and I must say it is one of the 
most astonishing collections of bones I have ever seen in a 
a deposit of that kind. You often find in such accumula- 
tions n scrap of an animal — a bit here and a bit there — ^but 
I don't know another like instance of the accumulation of a 
great mass of remains such as these, in a surface accumula- 
tion. With regard to the animals, first I would say that 
there was originally, at the very least, one whole specimen of 
a bison. There is a portion of a skull which belonged to an old 
male bison. There are several horn-cores on the table which 
belonged also to bisons, of various ages. Some of them are 
young, and some very old ; but from the number of bones 
which I have been able to examine, — and which Mr. Plant, 
Mr. Walker, and the other gentlemen have shown me — I 
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have now no doubt whatever that there was at least one 
perfect skeleton preserved in that place. There were, 
I shoidd think, four or six individuals of the bison 
represented by the fragments which I have seen. Now> 
besides the bones of the bison, we get certain smaller 
ones — ^vertebra), for instance, which belong to the rein- 
deer ; so that we have the reindeer living in that district, 
at that time. Besides the vertebra) I was able to point out, 
the other day to Mr. Plant, that we had distinct testimony 
of the presence of the reindeer, in the fact of ^theso teeth. 
Besides the teeth and vertebra), there are a nmnber of 
smaller bones which indicate the presence of that animal. 
The third creature which is represented in this collection is 
the roe deer. Of that we have only one small fragment, 
but one such as this is quite sufficient to tell us that the roe 
deer existed in that district. I do not know that I am able 
to add any other animal to the list. 

There is one other point I should like to mention — that 
is, the presence of a large number of vertebra). The 
presence of these vertebra) in that place implies that 
hyaenas did not gain access to the fissure at that time. 
Had they done so they would have eaten up all these 
vertebra), and we should not have found one of them. The 
general impression left on my mind, after an examination of 
the remains is that they belong to creatures which happened 
to die in — ^possibly they may have crept into this 
place at a time when it was more open — or at all 
events that they died somewhere close by, and that their 
remains become gradually covered up by a sub-aerial accu- 
mulation of loam, along with angular blocks of stone. There 
is one other place in that neighbourhood, where we have 
discovered the remains of the mammalia of this age — ^for 
this group of mammalia belongs to the Pleistocene age, — 
in a small cave in a dale, about three miles from Castleton, 
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called Gelly dale. One time, I happened to walk along that 
ravine with Mr. Rooke Pennington and Mr. J. Tym prospect- 
ing for caves — of which there are many in the neighbourhood 
— ^and we came to a place where rabbits had been burrowing. 
On examination wo found that they had been good enough 
to turn out of their burrow, the tooth of a rhinoceros. We 
explored the cave, and found evidences both of the rhinoceros 
and the mammoth. Thus, when we look at the whole set of 
discoveries in that neighbourhood, we have a very fair 
idea of the animals that once lived there : — we find numbers 
of bisons, a considerable number of reindeer, a few woolly 
rhinoceroses, and just a trace of the mammoth. 

With regard to the relation of these deposits to glacial 
period. I am compelled to say that my belief — which is shared 
by Mr. Prestwich — is, that there is nothing to connect them 
with the glacial period at all. You have no clear proof that 
these bones were accumulated before the ice deposits — 
the clay and the foreign boulders — in this part of the 
country. Therefore wo cannot tell whether these creatures 
lived in that district, before or after the age which 
we know as "the great ice age." There is a remarkable dearth 
of anything you can really call boulder clay, when you get east 
of the axis separating Lancashire, from that portion of 
Derbyshire fonning the watershed of the upper Derwent. 
It is only far down the Derwent that you come upon the 
boulder clay. I believe the glaciers formerly covered that 
area, but at present we have no certain proof of the fact. 

There is ono curious circumstance with regard to the 
drainage of the valley that runs up from Chapel^en-le-Frith 
towards Castleton — the valley, that is to say, to the 
immediate south-west of Mam Tor. The drainage which 
naturally ought to flow steadily westward until it reaches 
the Atlantic is intercepted to a considerable extent, by 
swallow holes in the limestone, and thence is conveyed in 
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a series of subterranean channels through the limestone 
until it reaches the Speedwell mine, and it comes out in 
the Peak cavern. So that it is not altogether a fact that 
all the water westward of Mam Tor flows into the Atlantic 
through Lancashire. It turns back in this very singular 
and peculiar course, and ultimately arrives in Derwent, 
and flows on to join the Trent. I don't know that I 
have anything more to say, but I am sure I feel personally 
very grateful indeed to those gentlemen who were enter- 
prising enough to discover this place, and who took the 
trouble to carry these large bones all the way from 
Castleton to Chapel-en-le-Frith. As time passes on, all 
these little scraps of evidence will be put together, and we 
shall ultimately arrive at a very definite and distinct idea as 
to the ancient animals which lived in Derbyshire, in the 
remote Pleistocene age. 

Mr. Plant : In allusion to the term " drift" said, I had 
no intention to apply that term to the drift in this locality, 
as it is not comparable to the glacial drifts that we are 
accustomed to find about Manchester : but my idea of it was, 
a shaley debris derived from the denuded heights of Mam 
Tor, as far as the loam was concerned; but that the whole 
of the embedded angular pieces of limestone were purely 
local ; I have not perceived the slightest indications of any 
of those travelled pebbles and boulders which belong to the 
true glacial drift. The drainage in the direction towards 
Chapel-en-le-Frith is rather difficult to understand. I am 
not quite certain whether it drains into the watershed of 
the Mersey. It is very interesting to note that the actual 
line of waterparting appears to be the point where these bones 
occur, other details have yet to be worked out, and there 
are many treasures within this fissure yet to be found. It 
is important to have made the Reindeer an undoubted 
denizen, of the Peak district. It is therefore an addition 
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to our extinct fauna that wo may consider to be locaL 
If care be taken in removing the debris, I have no doubt 
many such as these fine bones, will be foimd embedded in 
the stalagmite and amongst the debris which now fills the 
fissure. I should like to ask Mr. Dawkins whether his 
attention has been drawn to the broken condition of 
many of these bones. They are similar in character to the 
bones which are obtained from the Dordogne caves in 
France, broken in the same manner and about the same 
place along their axes. Many of these bones, the smaller 
ones especially, are undoubtedly fractured by a blow apart 
from any rubbing or abrasion they would receive in drifting 
into the fissure. 

Mr. Boyd Dawkins : I am afraid I cannot say anything 
satisfactorily at all about that. I know it is very hard to 
account for all the fractured shapes of the drifted and cave 
bones, the one alluded to may have been fractured by the 
falling of a stone. 

The Chairman: I am sure we are very much indebted 
to Mr. Boyd Dawkins for his instructive address. I have been 
very much pleased to hear his remarks on the character of 
the superficial deposits on the eastern slope of the watershed 
in this particular locality. I have paid some attention 
to that subject on the borders of Yorkshire and 
Lancashire, between Bacup and Todmorden, and for some 
miles north and south of that point ; and, it is a fact 
that no true glacial drift can be detected for a considerable 
distance from the watershed in that district. There is no 
true drift until you reach the westerly slope of the Pennine 
chain, in the neighbourhood of Bacup, rising to an elevation 
of 1100 or 1200 feet. I was not aware, until I heard from 
Mr. Dawkins to-day, that the same thing occurred so far 
south as Castleton. Why true glacial drift should exist at 
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aa elevation of 1100 feet or 1200 feet on the western slope 
of the Pennine chain, whilst none is traceable on its eastern 
slope until we are some miles from the summit line of drain- 
age is a problem that has not yet been grappled with by 
any competent geologist. 

I have much pleasure, now, in moving that the thanks 
of the Society be given to Mr. Boyd Dawkins. The motion 
was seconded by Mr. Wild and passed. 



ADDENDUM. 

By Mr. Plant. 

Since the reading of the foregoing communication to 
the Society, upon the finding of the bones of the Bison 
and the Beindeer, further examination of the collection then 
exhibited has led to the identification of bones which 
belonged to the Bear aud to the Wolf, also of bones of a 
large bird, aud of other Pleistocene animals, which add 
greatly to the interest of the discovery. And in respect 
to the fact, which was mentioned by Mr. Aitken, of his 
having seen bones lying about in the vicinity of the 
limestone quarry near Blue John Mine, I have received 
several communications from gentlemen who had formerly 
visited the place, and observed bones lying about, which 
the quarrymen had evidently thrown out of the fissure, in 
getting the limestone. These things have been occurring 
for several years back, but in no instance does there 
appear to have been any recognition of the fossil character 
of the bones, or of their geological interest ; as the bones 
looked so fresh, they were considered to belong to horses 
and oxen of quite modem times, and were thus disregarded 
by those who found them. I was told by an old man, 
residing near the Windy KnoU Hill, at Oxlow, that a few 
years ago, a great quantity of these bones were dug out of 
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the debris, and carted away to Chapel-en-le-Frith to be 
ground at a null for manure, and he thought, that as the 
quantity of bones was so enormous, that the horses and oxen 
had been all buried in a hole, after some great plague or 
murrain amongst the cattle in the Peak district, many 
centuries ago ; in fact, there is a tradition of this kind 
amongst the people of these high moors, and they look upon 
every hillock of loam as connected with the mounds and 
tumuli of Romano-British age, which are found scattered 
over the high Peak and over Derbyshire generally. 

Whatever may be the number of bones which have been 
turned out of this fissure in years past, and there is 
evidence to show that the quantity has been astonishingly 
large ; there can be no doubt whatever, that until the 
discovery of the spot by young Hindshaw at Easter, and 
by his bringing away a number of the bones, which were 
identified by myself and Mr. Boyd Dawkins, as bones of 
the Bison and Reindeer, there existed no scientific 
knowledge of the real character and interest which attached 
to the bones as remains of mammalia of the Pleistocene age; 
and the first annoimcement of their discovery, to the world 
of science, has been made through the Manchester Geological 
Society. 

The animals which have at present been identified are the 
following : — 

The Aurochs — Bkon prisdus. 

The Cave Bear — Urs^us speUens. 

The Wolf — Canis imlpcs. 

The Reindeer — Cerms tarmidm. 

The Roedeer — Cervtis caprcolm, 

A large bird. 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 



Pabt 5. Vol. XIII. Session 1873-4. 



At the Ordixary Meeting of the Members, held at the 
House of the Literary and Philosophical Society, on 
Tuesday, June 2nd, 1874. The attendance at the meeting 
was so small in consequence of the concurrence of the 
"Whitsuntide holiday, that it was decided to adjourn the 
reading of the Paper annomiced upon the circular until the 
next following meeting, at the end of the month, — and at 
the invitation of Mr. ^V. Boyd Dawkins, the Council and 
Members present proceeded to The Owens CoEi.EriE to 
inspect the arrangement of the collection of fossils and 
minerals, which the Geological Society liad lately presented 
to The Owens Colt.ege. Tlie collection is temporarily placed 
in a large room on the ground floor, until the new Museum 
Rooms are built. The specimens have been cleaned and 
remounted, and are arranged in systematic order, upon the 
latest classification. It was announced that the room was 
open and accessible to the members of the Society, for the 
purposes of study, at such hours in the day during w*hich 
the College was open to students, in accordance with the 
terms of the agreement mado at the time of the presenta- 
tion of the collection. 

The donations to the Library announced at the Council 
meeting, included the following books : — 
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Selwys, A. R. C. Geological Subtst of Canada, viz., Report 
of Progress, for 1872-3, imp. 8vo. Report on the Fossil 
Plants of the Lower Carboniferous and Millstone Grit 
Formations of Canada, by J. W. Dawson, LL.D., imp. Sto. 
List of Publications of the Geological Surrey of Canada. 

Drown, T. 3:1. Transactions of the American Institute of Min- 
ing Engineers, Vol. 1., 1872-3, imp. 8vo, fFrom th$ 
Council.) 

The Society. Proceedings of the Bristol Naturalists' Society, 
Parts 1, 2, 1872; and Vol. 1, Part 1, N. S., 1874. 

The Society. Quarterly Journal of the London Geological 
Society, Nos. 117—118; and Abstracts, Nos. 282—287. 

The Association. Proceedings of the London Geologists' 
Association, Vol. 3, Xo. 5 ; and Annual Report. 

The Society. Proceedings of the Royal Society, Xos. 152, 153. 

Mr. Joiix Wild, of Oldham, exhibitcxl a nunilxT of iron- 
clay nodules from coal measures near Oldham, containing 
Bpecimens of a fossil cone ** Carjjolif/ies Ileiicferoidcs/* 
(Morris,) figured in the Geological Transanctions. 2nd 
Series, ^''ol. 5, pi. 38, fig. 12, and described as of rare 
occurrence in the Coal measures of Coalbrook Dale. This 
fossil is also found in the " four foot '* mine at Bolton, but 
is nowhere common about Manchester, 



At the Ordinary Meeting of the Members held on 
Tuesday, June 30th, 1874. 

Mr. John Knowles, Vice-President, in the Chair. 

Sub-Wealden Exploration Extension. 

A circular was read from the Committee charged with the 
carrying out of this important work, which was commenced 
in 1872, to ascertain the thickness of the Secondary Strata 
in the Wealden area, and the depth and nature of the 
underlying Palaeozoic formations, which there is reason to 
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believe He at a depth Dot exceeding 1500 to 2000 feet at 
Battle, iu Sussex. 

A sum of £3000 has been collected by private subscrip- 
tion and spent in this research, and a depth of 1000 feet 
reached, but as yet without any positive rcsidt. The beds 
traversed belong to the Lower AVealden, Purbeck, Port- 
land series, and Kimmeridge clay, and the boring has now 
reached the Oxford clay. The Committee make an 
earnest appeal to the members of this Society for further 

assistance. 
Donations to the Library from Mr. J. G. Lyndc, F.G.S., were 
announced, being a copy of the Report of the Geological 
Survey of Canada, &c., by A. R. C. Selwyn ; and from 
Professor E. Hull, F.R.S., his work on " The Building and 
Ornamental Stones of Great Britain and Foreign Countries,'' 
8vo, 1872, 

Mr, John Aitken, F.G.S., read the following paper : — 

ON THE OCCURRENCE OF HIGH LEVEL DRIFT 
IN THE NEIGHBOURHOOD OF BACUP. 

By Mr. John Aitken, F.G.S. 

In February, 1868, I drew the attention of the Society 
to an outlier of drift, situated on the top of Holcombe Hill, 
at an elevation of 1150 feet, and described the character of 
the pebbles found therein, one of which upon investigation 
turned out to be a true flint.* More recentlv, I exhibited a 
number of drift pebbles, amongst which was one of flint 
from a patch of drift discovered on Homclifie Moor, at an 
elevation of 1060 feet.f Since then I have succeeded in 
obtaining undoubted evidence of the existence of foreign 
stones on some of the higher hills in the neighbourhood of 



*Trans. Man. Geo. Soc, Vol. VII., p. 80. f I^., Vol. XIL 
p. 42. 
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Bacup, at even higher elevations than the two instances 
already cited. The first locaKty to which I wish to direct 
attention is that of Brandwood Moor, which comprises a 
lateral spur of land thrown off in a westerly direction from 
the main north and south range of the Pennine hills, and 
which, combined with its western prolongation, forms the 
line of separation between the hydrographical basins of the 
rivers Irwell and Roach; the height of which is about 
1250 feet. On the sunmiit of this hill I have found Silurian 
grits. Syenite, and Quartzite boulders in moderate abimdance, 
intermixed with angular pieces of gritstone and blocks of 
gannister, the whole embedded in a matrix of coarse sand 
derived from the disintegrated rough rock upon which the 
layer reposes, the whole covered over by a surface bed of 
peat varying from one foot to seven feet in thickness. The 
Silurian grit is of the usual character to that foimd so 
abundantly in the drift of Lancashire. The Syenite is of a 
fine grained compact variety, of a pale pink colour having 
small specks of hornblende freely distributed through the 
mass, these together with the feLstone are probably derived 
from rocks of this character, which exist in the Lake 
district. Brandwood Moor consists of a narrow neck of 
land of somewhat lower elevation than that to the east or 
west, at the eastern extremity of which a narrow valley has 
been cut separating it from the more elevated region further 
to the east, through this gorge and also over Brandwood 
Moor, a body of ice undoubtedly passed during the glacial 
period, its smoothly rounded contour, and the large accumu- 
lations of drift in the Cown and Shawforth valleys 
immediately to the south, charged T^4th boulders and pebbles 
identical with those left on the hill above, bear testimony to 
this fact and prove that this was the highway of at least 
one branch of the great stream of ice which at one time 
moved over the county of Lancaster. 
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The next locaKty is that of Bull Hill, the highest point 
on the ridge of land of which Ilolcombe Ilill forms the 
southern and terminal promonotorj', and from which it is 
distant about one and a half miles in a northerly direction, 
the height being 1371 feet. Upon the sunmiit of this hill 
I found lying exposed upon the surface a number of pieces 
of volcanic ash, — one an angular block of moderate size, 
Silurian grit, and Quartzite grit very fine and compact in 
texture, weathering white on the surface upon exposure to 
the atmosphere, white and pink quartz, an agate, and two 
pieces of flint. The rock specimens with the exception of 
the quartzite and flints have evidently been brought here 
from the north, rocks of similar character being found in 
situ in the Lake district. I have procured agate identical 
with the specimen produced from a section near Trcleth, 
in Furness. I am, however, unable to assign a locality 
for the grit, no rock like it occurs in Lancashire, nor so fur 
as I know anywhere in the mountainous districts of the 
north. 

The two flints present features which render it ex- 
ceedingly probable that they ought correctly to be assigned 
to pre-historic rather than glacial times, the larger specimen 
has undoubtedly been chipped by artificial means and 
fashioned into its present form for some useful pui-pose. 
The smaller piece also bears evidence of design, having 
been struck off from a larger mass by the hand of man, and 
is what is generally recognised as a flint flake, both pieces 
bear e\'idence of great antiquity, the fractured surfaces 
presenting that dull lustreless appearance which characterise 
true neolithic flints, they are much lighter in colour than 
any of the flints I have previously found in the drift of 
this neighbourhood. These specimens then assuming their 
artificial character are of considerable interest, carrying 
back the occupation of this part of the country by man to 



prc-historic times, this beinjr the first evidence, so far as I 
am aware, of the presence of the human race at this early 
period of the earth's history in this portion of East Lanca- 
shire. It will be noticed that the larger example is some- 
what incomplete, having apparently had the point broken 
oflF subsequently to its being formed into an implement of 
war or the chase. 

The surface of the hUl upon which these stones were 
foimd presents a bleak wild aspect, being destitute of 
vegetation and covered over for some distance by large 
numbers of sharp angular stones consisting of a fine yellow 
free grit intermixed more sparingly with rounded pebbles 
of various sorts, as already described, the quartzite grit 
being the most abundant next to the grit-rock. The bleak 
character of this area arises from the practice which has 
been in vogue for generations past of removing the peat for 
use as fuel, thus exposing the lower and less fibrous 
part to the wasting action of the atmosphere, by which 
means it has ultimately been entirely removed, leaving the 
subjacent stony layer exposed on the surface. 

The third instance to which I would refer occurs on the 
summit of Cribden, a bold boss of land overlooking the 
valley of the Irwell at Rawtenstall, where, at an elevation 
of 1300 feet, I picked up a small volcanic ash boulder much 
weathered by exposure, the outer portion being quite 
decomposed. As yet I have not had an opportunity of fully 
investigating this area, but have strong reasons for believing 
that confirmatory evidence might be obtained of the exist- 
ence of other drift materials on this elevated and exposed 
situation. On the same hill, a short distance to the north, I 
have noticed the occurrence of white compact quartzite 
pebbles foreign to the district, and I have also observed 
numerous small pieces of dark coloured chert along the hill- 
side at an elevation little less than that last named. At the 
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top of Ousil Clough, near Crawshawbooth, where the stream 
takes it^ rise, on the moorland between Cribden and Hamble- 
ton I found, at an elevation of about 1100 feet, a fine suite of 
drift pebbles, comprising Silurian grit, quartz, quartzite, 
syenite, pink granite, gneiss, porphyritic greenstone, fel- 
stone, and limestone, together with others not so easy of 
identification. I also found gneiss, felstone, and Silurian grit 
near the source of Gin Clough, a little further to the north 
than the last-named locality, and at about the same altitude. 
The surface at the elevation named became, in the two last 
instances, covered by a layer of peat, thus efiectually 
preventing the examination being continued to a greater 
height. From these facts I deem it highly probable that 
the single boulder found on Cribden may indicate the 
presence of drift on that eminence in greater quantity- than 
yet determined. I have also in my possession a small 
boulder procured from near the summit of Dirpley Hill,* at 
an altitude of about 1370 feet. This was brought to light 
by the occurrence of a landslip which took place during a 
wet season about two years ago. The boulder has been 
determined by Mr. D. Mackintosh, who has devoted special 
attention to the Lancashire drifts, as a piece of felstone, and he 
states that rock of this character is found in the Lake district. 

A bed of drift gravel also exists at Higher Stack, about a 
mile south-east of Bacup, at u spot marked gravel pit on the 
Ordnance map, full of foreign pebbles of considerablo 
varietj', at an elevation of 1110 feet. 

Other examples might be given were it desirable to 
multiply instances showing the presence of drift at con- 
siderable elevations in this part of East Lancashire, but 
sufficient has been done to confirm the assumption of a body 
of ice of immense thickness having at one time flowed over 



Dirpley Hill is 1429 feet high. 



the country, rising up to the level, if not entirely submerg- 
ing, the higher eminences in the neighbourhood of Bacup. 
These facts lend support to the theory so admirablypropounded 
and enforced by Mr. R. H. Tiddeman in a paper lately read 
before the Geological Society of London,* whereby he has 
shown that the ice proceeding from the Pennine chain 
during the glacial period was shouldered up by the lateral 
pressure exerted by the more important flow of ice further 
to the west from the Lake district, and by this means 
compelled to pursue a course over hill and valley at nearly 
right angles to the natural drainage of the land, and to the 
direction in which it would consequently, if not interfered 
with, naturally have flowed by the simple law of gravita- 
tion. Although fully endorsing the views advocated by Mr. 
Tiddeman with much force, I am inclined to think, from the 
evidence of the drift in this part of Lancashire, that the 
flow of ice after rounding the southerly end of Central Fells, 
in the Lake district, took a somewhat more easterly direction 
than that indicated, and that the Lake district ice impinged 
upon the main body of the Pennine range somewhere in the 
neighbourhood of Burnley, and thence flowed almost south 
along the westerly side of those hills, crossing in its course 
the lateral spurs thrown oflP to the west, finally debouching 
on the wide expanse of the Cheshire plain. 

The presence of flint pebbles amongst these high level 
drifts so far north of the cretaceous formations of our island 
present difficulties not easily explained. They may, however, 
possibly have found their way over, by the agency of ice, 
from the north of Ireland, or they may have been drifted 
from the chalk districts in the south during the period of 
submergence of the land on the occurrence of one of those 
warm periods which, upon the authority of Mr. Geikie, 



♦ Q. J. Geo. Soc., vol. 28, p. 471. 
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occurred at intervals in the glacial epoch, and when perhaps 
a southerly current had temporarily set in, mitigating to 
some extent the terrors of that protracted winter. 



Mr. Knowles : The subject of the paper wc have just 
heard is one of considerable interest to the members, and 
will form a valuable addition to the information already 
given by Mr. Aitken of the special features of the drifts in 
the higher parts of Lancashire. Doubtless these peculiar 
boulders and flint pebbles will assist the geologists to proper 
conclusions when the whole question of the drift formation is 
better understood. 

Mr. Plant : It is almost impossible at the present day 
for any geologist to be sceptical upon the theory of the great 
ice sheet having once overspread Lancashire. The subject 
has received so much attention at the hands of several 
eminent observers, including Professor Ramsay, Professor 
Hull, Mr. Green, Mr Tiddiman, Mr. Clifton Ward, Mr. 
Brockbank, and Mr. Mackintosh, whose memoirs upon the 
glaciation of the Lake districts and North Lancashire are 
80 ably written and extensively illustrated by maps, 
showing in a marvellously minute way how the whole of the 
Pennine hills are scored with ice marks of diflerent kinds, 
and the valleys and moors more or less deeply covered with 
the drift deposits left by the ice and waters of the 
glacial period. Amongst the local geologists who have 
rendered good service in searching for evidence of these 
phenomena within his own district, those from Mr. Aitken 
will bear a high position, and the present paper adds con- 
siderably to our knowledge of the highest deposits of 
drift, and consequently the oldest, we have in the Man*- 
Chester district. I believe it is the first instance recorded of 
boulders from the Volcanic ash beds of the north being 
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found in the local di4ft, and as far as I can judge by com«> 
parison they resemble the volcanic rocks which I have seen 
intercalated in the Lingula slates a few miles north of 
Dolgelly. They are sufficiently hard to sustain the wearing 
of glaciers into boulders. The specimen which Mr. Mackin- 
tosh has named as a felstone seems to me to be more likely 
to be a chert, boidders of which are occa.«?ionallv found in the 
drifts coming from the north, probably from the limestone 
of Clitheroe; it has all the splintering fracture of chert, 
and lacks the peculiar glistening surface so characterigtic of 
felstone. However, I admit that Mr. Mackintosh is a good 
authority for the characters of the specimen, if it comes 
from a rock which he has observed in situ in the Lake 
districts. The boulders exhibited bv Mr. Aitken diflfer 
in their characters from the bulk of the boidders found 
in the valley drifts of Lancashire, and especially is this 
the case when flint pebbles are foimd mingled with the 
usual boidders from palaeozoic rocks. These flints are of 
true cretaceous age, as has been proved by the foraminifera 
foimd in them, and the only imobjectionable suggestion to 
account for them is the one, that thej' have come from the 
chalk formation in the North of Ireland ; but T^4th respect 
to the two chipped flints exhibited, there need be no hesita- 
tion in sajang that they are shaped by the hand of man, as 
they are identical in shape with the broken flint-flakes from 
the cave floors of Les Eyzies, and qiiite agree with similar 
broken flints foimd in surface soils in Yorkshire, and with 
some I have found on the high moors near Castleton, a 
good number of which I now exhibit. These are all of 
modem age, when compared with the boulders from the 
glacial drifts. I have to move the thanks of the members 
to Mr. Aitken for his paper. 

Mr. Kay Knowles : I have much pleasure in seconding 
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the motion for a rote of tliank.s, mid to express the interest 
I have felt in listening to the paper from Mr. Aitken. 

Mr. Aitken acknowledged the compliment, and remarked 
that with regard to the chipped flints on the table, Mr. Plant 
would notice that I described the specimens exhibited as 
worked flints. The remarks, towards the close of the paper, 
about flint pebbles having been drifted into the neighbour- 
hood, had reference to some which I found on other moorlands, 
and previously exhibited here. They were quite difierent in 
character from the two worked flints laid on the table 
to-day. The former were true rounded pebbles, similar to 
any other pebbles that may be taken out of glacial gravels, 
and totally different both in colour and form from these, 
which have been artificially shaped. With regard to the 
felstone specimen, Mr. Mackintosh, to whom I sent it, 
pronounced it to be felstone ; and he says rocks like this are 
found in situ in several localities in the Lake district.* 

Mr. Plant then read the following paper : — 

ON THE OCCURRENCE OF QUARTZITE BOULDERS 
AND PEBBLES EMBEDDED IN TRUE COAL. 

By Mr. J. Plant, F.G.S. 



It has long been known as one of the least imderstood 
features belonging to the formation of layers of shale and 
coal, that rounded nodules of widely different mineral 
matter are found embedded in them. The most numerous 
of these nodules occur in some of the lower coals, and arc 
known locally as "bullions," having a good deal of iron 
pyrites held in a matrix of fine carbonaceous shale, together 
with fossil shells such as Goniatites, all rolled up into a 



♦ Since this paper was read, Mr. Aitken has been fortunate enough to find, 
on Bull Hill, several perfectly formed flint-flakes and arrow-heads, with a 
flint core and numhers of flint chippings — they all lay at the bottom of the 
peat depodt. 
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ball, which appears to have boen indurated at the time of 
its deposition in the shale. Others appear to haye been 
formed by the rolling of masses of an adhesive fine iron clay 
around a fossil nucleus, either a shell, or a fish, or, more 
generally, the long fruit-like cones of the Lepidodendron or 
other of the coal plants. These are usually oblong flattened 
nodules, and occur in great numbers in some of the shales 
of the middle coal measures. Of these nodules there does 
not appear to be any difficulty in ascribing their formation 
to the action of moving water, gently rolling the embedded 
objects and the fossils about until they become completely 
enwrapped in the muddy and ferruginous clays that formed 
the beds of the lakes or rivers of the coal period, as the 
shales, coals, nodules, and fossils are undoubtedly all contem- 
poraneous. 

In the sandstones, flags, and grits of the coal measures, 
from the lower to the higher beds, nodules are met with 
like hardened balls of sand, or of ironstone, lying cleanly 
embedded in the hard strata of the simdstone ; the nodules 
rarely differ in texture from the matrix they are foimd in, 
and when there is any. difference to be seen, it arises from 
an apparent coating of peroxide of iron, or from the nodule 
being made by concentric layers of sand largely mixed wiih 
peroxide of iron. These nodules are of moderate size, 
generally about the size of a cricket ball, but a few will 
attain to bulk of almost six inches diameter. The origin of 
these nodidcs is not so satisfactory explained as are those 
first mentioned, for, although they arc usually globular in 
form, there are doubts in referring them all to the action of 
rolling by the movement of the water, and in no instance 
that I have seen do they begin their concretion by a fossil 
nucleus. I deem them to be rather the result of the 
agglutination of sand and mud by the decomposition or 
oxidation of a particle of iron from a central point, and the 
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size of the completed nodule depending upon the quantity 
of iron oxidized. Whatever may be their origin, there can 
be no doubt upon one point, that is, that they are simikr in 
mineral matter, and are contemporaneous. in formation with 
the sandstones in which they are foimd. 

The Boulders and Pebbles, which are found exclusively in 
the beds of pure coal, are altogether unlike those which are 
foimd in the shales and sandstones, and the manner of their 
occurrence is so singular as to invest them with an interest 
to the geologist fully equal to that which he finds in 
restoring the forms of the extinct reptiles, fishes, and plants 
of this prolific epoch in the history of the earth. In the 
Roger Mine at Dukinfield, at a depth of 400 yards, a good 
nimiber of these boulders have been found by Mr. William 
Soddon, to whom I am indebted for several specimens, and 
for information of their position within the bed of coal. 
Other specimens have been shown me as coming from the 
coal beds at Pendlebury, and Mr. T. L. Woodward has 
supplied me with the details of the finding a group of about 
twelve in the Two-Feet Trencherbone Mine, Spindle Point, 

Kersley. 

Section of the TiiEXcnEHBOXE ^Mine, 
AT Spi2n)LE Point. 



Coal. 



426 yards from the surface. 



3 feet 6 inches. 



Shale ' H inch. 



Coal i 2 feet 3 incites, containing about 

20 boulders in a group. 



Floor 



144 

These boulders are reported by the miners to be of rare 
occurrence in the coal beds, and it is certain that they 
seldom are found in the coal box, but when they do occur, it 
is in groups of five, six, a dozen, or even twenty, all lying 
in a limited space, but separately embedded in the coal. 
They are of varying size, ranging from a small marble to 
three feet in circumference, and although smoothed, and 
even polished on the surface, are not always globular ; some 
of the large ones are ovoid in shape, some cuboid, T^-ith the 
comers entirelj' worn away and smoothed. Many of the 
pebbles vary in their shape, as do the pebbles that are 
gathered on a shingly beach. '\\Tien they are first extracted 
from the coal, they are covered with a tightly adhering skin 
of carbonaceous shale, which clings to and follows every 
wrinkle and hollow on the surface ; sometimes this skin ia 
studded over with fragments of the teeth and scales of 
fishes, but usually it is bright and smooth. 

The largest boulders are as heavy and compact as is the 
basalt of the Giant Causeway ; in fact, the first aspect of a 
large nodule is that of a boulder of trap, similar to those 
which are so frequently found in the boidder clays, and on 
being broken, the character of the fractured surface 
assimilates also to that of a fine close-grained trap. This 
appearance, however, is deceptive, as I have not met with 
any of these boulders of large size that are not quartzites, 
and apparently all derived from one parent rock, — a tine- 
grained, gray reddish-gray or darkish gray quartzite, — with 
a specific gravity equal to that of the heaviest basalt. When 
a fragment is examined imder the lens, the composition is 
identical with certain metamorphic quartzites that occur in 
the Cambrian rocks in Xortli Wales. 

It is clearly to bo seen that these boulders were originally 
derived from one common source, that is, a parent rock of 
fine-grained sandstone, in which, by metamorphic heat, the 
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grains had been partially fused into a semi-crystalline 
siliceous cement, and much indurated by pressure. 

The pebbles of small size are most frequently composed 
of a semi-crystalline quartzite, somewhat simidating the 
characters of a rock crystal, but in no case purely transparent, 
prismatic, or with a conchoidal fracture. One specimen — ^a 
rough cube of , about two inches, but with the surface 
permanently blackened and smoothed, as is the case with all 
I have seen — is a greenish quartzite, very much resembling 
the common vein-quartz, which occurs in the gold districts of 
North Wales, and another small cubical pebble is e\ddently 
derived originally from a white fatty-opaque quartz vein. 
In one pebble of extremely fine dark quartzite, very much 
resembling some samples of Welsh aluminous slates, I have 
detected a minute black glistening scale, but whether it is a 
scale of mica, or of organic character, is uncertain. 

To account for the occurrence of these quartzite boulders 
and pebbles in the Coal-hedH alone — ^for I have not as yet 
beard of the finding of any similar boulders in the shales, 
or in the sandstones of the coal measures — is a question that 
is not readily nor satisfactorily answered. There will be no 
question to the assertion that they have all been derived 
from rocks, older than the Coal measures, the Yoredale shales, 
or the Old Red Sandstones — for quartzites of this nature 
are not known to belong to the strata of any of these 
formations in Great Britain. They may possibly be derived 
from the Middle or Lower Silurian, or oven of Upper 
Cambrian strata, in which mctamorphic quartzites are 
occasionally intercalated, but, in my opinion, founded upon 
observations made in Merionethshire and Anglesey, I deem 
it to be most probable . tliat they were derived from the 
mountains of the Old Cambrian continent which must have 
existed duiiig the long periods of the deposition of the 
Carboniferous formation, or, at least, of that upper portion 
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of this formation which embraces the age of the true coal- 
bearing beds. 

It is the present belief of our leading geologists that a 
great PalaDozoic basis underlies all the formations later than 
the Silurian, and that it does not lie so deep in the eastern 
part of England but that it can be reached by the boring 
rod ; and it is one of the best understood laws in physical 
geology that the older formations have been extensively 
denuded to find a large portion of the materials for the 
accumulation of mineral matter for newer formations, and 
that in all geological periods, the sea, the rain, and atmos- 
pheric agencies have abraded and dispersed the materials of 
the land and re- spread them on the bottoms of seas and 
lakes. There can be no objection to the suggestion that 
these smaller pebbles have been bome amongst the matted 
roots of the carboniferous trees when thev fell and were 
floated to the place where they became embedded and 
chansred into coal. This would bo onlv a natural and ordi- 
nary occurrence, one such as can be seen in action in the 
present day, A\'hen great trees are torn up and carried away 
by a flood, the roots holding, for a long time, great quantities 
of gravel and clay as they float upon the water, but in 
respect to the largest boulders, such an explanation is not 
sufiicient to account for all that has been observed upon 
them. 

If it were allowed to ascribe their peculiar shapes, their 
smooth, polished and strangely moidded and scored surface- 
markings to the action of {///icier motion, as is the case with 
similar boulders found in the drifts and till clay of the last 
Glacier period, their presence in the coal would be perhaps 
satisfactorily accounted for ; but it has not yet been 
advanced as an hypothesis, that the climate of the middle 
carboniferous period would allow of the existence of glaciers, 
whose range could extend so low from the high mountainous 
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regions as to be able to deposit the ice-borne boulders in the 
rivers and lakes of the warm regions, where the mighty 
Lepidodendron and its congeners would grow The only 
possibility of connecting their origin with the action of 
glaciers will be in suggesting that they were probably glacial 
boulders of a much older epoch — the Silurian or Devonian ; 
and had been deposited in the deep drifts, which covered the 
great plains of the Carboniferous lands, which from time to 
time were denuded by floods, and the washed-out boulders 
re-deposited in the carbonaceous matter at the bottoms of 
the rivers and lagoons. 

There is one other suggestion of great probability 
to accoimt for their presence in the coal, and that 
is, that they were boulders from the sea beaches of 
the Carboniferous seas, which by some agency had been 
carried out to places where masses of vegetation were 
accumulating and being converted into coal. But there are 
several objections to this view, in the shapes of the boulders 
not being like rolled beach stones ; and in the want of any 
known agency to efiect their transport in small groups of 
five, ten, or twenty boulders directly into the forming coal 
bed, in a quiet still inland sea, such as was necessary for the 
depositions of the vegetation to form a bed of coal. 

My conclusion is, that we may regard them as boulders of 
glacial origin, shaped and scored by glaciers that existed 
during the middle paloDOzoic periods, and that they were 
torn away from the peaks of the old Cambrian rocks — of 
which we have fragments yet existing in North Wales, in 
Merionethshire, and at Holyhead — ^aud embedded in the 
glacial debris and drifts, overspreading the valleys and 
plains, that existed when the coal beds were being formed, 
and that their presence in the coal beds can be accounted 
for, by ascribing them to the denudations of these old 
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glacial driftii by the streams and rivei*s of the Carboniferous 
period. 



The CiL\iRMAN said that Mr. Plant's paper was a most 
interesting one. The question had occurred to him whether 
the stones referred to had not been, at some time, washed up 
by the sea ; but the objection to that was, that they were 
found only in small numbers. As far as could be seen, it 
would take some time to discover whether Mr. Plant's 
theory was a correct one, and it could only be by members 
of the Society bringing forward other instances of their 
being found in the coal mines, and so accumulating 
information which might lead to definite results. There 
seemed some probability in the supposition that the 
boulders had been deposited by glacial agency ; but that 
glacial action should have occurred at a period when there 
was, presimiably, a hot climate — ^when the tropical plants 
grew which were the origin of coal — ^was hardly reconcilable 
with known facts. 

Mr. Martin asked whether the boulders referred to 
were similar in character to those found near Bacup and 
Todmorden, and which were laid out in large numbers on 
the sides of the tram roads, he had noticed that such 
boulders were liable to disintegration, by the action of 
the weather, especially during winter. 

Mr. Aitken: The nodules to which Mr. Martin has 
aUuded are of two classes in that particular district, and 
have been taken from the beds of coal shales. They are 
composed almost entirely of organic remains ; and from 
these nodular concretions some of the best stems, repre- 
senting the vegetation of the coal period, have been obtained 
by Mr. Binney, Professor Williamson, and others, who have 
paid attention to fossil botany. There are others which are 
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derived from the clay shales overlying the coal, and which 
do not contain vegetable matter, or, at all events, only in 
very small quantities. These seem to contain a nucleus — 
formed of Goniatites, or the Ceratites, &c. — ^peculiar to 
Lancashire, and are altogether different from the boulders 
described by Mr. Plant. I may call special attention 
to two or three similar boulders which I procured from 
the gannister coal bed, including a fragment of a large 
boulder from the neighbourhood of Bacup. I secured this 
large specimen from a collier soon after he had taken it from 
the coal. It is a quartzite, very peculiar in character, and 
at the time I got it was perfectly white, the coal still 
adhering to its surface, in places, affoids indubitable 
e^-idence that it was taken from a coal bed. I am glad 
Mr. Plant has brought before us so plausible a theorj' 
as the one propounded. It has always, been, to me, a 
difficulty how to account for the presence of these siliceous 
boulders. I have known of their existence in the coal for 
many years, and have had several specimens in my possession, 
and seen others which were in the Geological Society's 
Museum, and there was a very considerable number — some of 
them larger than these — which had been brought, I believe, 
from the neighbourhood of Bolton or Wigau. The only 
way in which I can accomit for their finding their 
way into the coal is the one suggested by Mr. Plant, 
it is the one which, to my mind, has the greatest 
probability of truth. It has been suggested by some 
speculating theorists that these boulders were bombs thrown 
out from the volcanoes of the moon, and, being attracted by 
the earth, fell into the coal during its deposition. We are 
hardly prepared to accept such an unsound theorj\ Mr. 
Plant's idea of a glacial period during the Cambrian epoch 
is to me perfectly new, it is ingenious, and does, at any 
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rate, offer an explanation of the existence of these boulders 
at the time of the cool formation. 

Mr. John Wild, referring to some pebbles which he had 
brought to the meeting, said that they were taken from the 
roof of the Arley mine, the largest and most angular piece was 
coated on both sides with fish remains and yegetable matter; 
and that being the case— the shale being very fine — ^he 
could scarcely agree with Mr. Plant's theory with respect to 
glacial action. He had not found marks of glaciers in the 
measures overlying the Arley mine. His impression was, 
from the abundance of fish remains near them, that the 
smaller pebbles had been in the stomachs of fishes, and were 
deposited, with other matters, in the coal beds when they 
were being formed. 

Mr. Plant : I have not advanced the theory that glaciers 
existed during the formation of ths coaly and I am quite 
opposed to it. My theory is, that glaciers existed in 
the Palaeozoic epoch, and that these are boulders which 
were deposited in enormous sheets of drift forming the 
swampy plains of the Carboniferous continent, where the 
forests of coal trees were growing. The action of moving 
waters, and of rivers especially, is to eat out the land and redis- 
tribute the material. I have supposed that these boulders 
have been washed out of the Cambrian drift, and re-bedded 
in the quiet seas and waters where the coal was 
being formed. I cannot conceive the possibility of glaciers 
existing contemporaneously with the formation of coal. Mr. 
Wild's suggestion with reference to these smaller pebbles is 
one that is based upon the knowledge that birds will swallow 
pebbles to aid in the trituration of their food, and that these 
pebbles, for a similar purpose, may have been swallowed by 
fishes, I was not aware, however, that fishes require 
such aids to digestion. The large specimen brought by 
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Mr. Aitken is one of the roost convincing proofs that 
these boulders and pebbles are of Cambrian age, had this 
qpedmen been cleared of its carbonaceous skin, and simply 
shown to me as a specimen of quartzite, I should have had 
no hesitation in deciding that it came from North Wales, as 
I have seen hand specimens of a quartzite very similar from 
one or two places in the neighbourhoods of Trawsfynydd 
and Harlech. 



REMARKS ON THE BONE CAVE OF WINDY 

KNOLL, NEAR CASTLETON, RECENTLY 

DESCRIBED BY MR. PLANT. 

By Mr. Johx Aitjkex, P.G.S. 



At the meeting of this Society, held on the 28th of April 
List, Mr. Plant announced the discovery of an ossiferous 
fissure in the limestone at Windy Knoll Quarry, near 
Castleton, Derbyshire, and Mr. Boyd Dawkins at the same 
time gave a description of a large number of the bones 
which had been found in the fissure. Since then I have 
visited the place, and I find that the supposition I ventured 
to express at the meeting, as to its being identical with that 
where some five or six years ago I saw a considerable 
number of large bones thrown together in a heap at one 
side of the quarry, is fully borne out, although, as I stated 
at the time, I failed to make out their true character or 
scientific value, looking upon them merely as the bones of 
domesticated animals. 

Upon a consideration of all the facts of the case as 
detailed bv Mr. Plant, and after an examination of the 
features on the spot, I have come to a conclu.sion somewhat 
at variance to that arrived at by liim as to the cliaracter of 
the fissure in which the bones have been found so abundantlv. 
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Mr. Plant described it as an open fissure, which he sappoaed 
had been fiUed in from the surface subsequent to the 
entombment of the bones. The difficulties which presented 
themselves in adopting that explanation, when taking into 
consideration the occurrence of so large a number of bones, 
representing so varied a fauna, mingled together in a space 
80 limited, some of which belonged to carnivorous animals, 
and of which so large a proportion were in a broken and 
fragmentary condition, raised doubts in my mind as to the 
possibility of reconciling the.se facts with the supposition of 
their having occupied an open surface fissure. I therefore 
not only directed my attention to an examination of the 
place of sepulture, but also instituted inquiries as to its 
original character and the conditions imder which the bones 
have been found at former periods, and I have been led to 
conclude that the site, when first discovered, was a true 
cavern, and not merelv a fissure excavated into the siirface 
of the rock, and that, during the operation of mining, the 
miners came in contact with it near its furthest extremity, 
some six or eight yards from the entrance, where it presented 
the appearance of u blocked-up subterranean channdl, in 
the matrix of which large numbers of bones were found 
embedded. In carrying on tlie works of the quarry, it was 
at intervals gradually worked back irom. the extremity 
towards the entrance, each operation revealing a quantity of 
bones, the last of which took place as described by Mr. Plant, 
at which spot the face of the rock having been reached, and 
the roof ceasing to exist, the cavern was changed for a short 
distance before finally disappearing into an open surface 
channel, bounded on each side by masses of rock. The 
exact spot, therefore, examined and described by Mr. Plant, 
I consider to be the mouth of the fonner cave, at which place 
it appears a large accuuuilat ion of bones took place. ThQ 



stones which form the sides of the entrance to the cavern 
terminate the rock in this direction, the local sui'face diift 
accumulations at that point taking its place. If, then, I am 
right in the hypothesis that the mouth of the cave has 
been reached, the place must be considered as worked out ; 
and that no farther discoveries of bones to any extent can 
again, in all probability, take place ; of its correctness 
further research will determine. The entrance to the cave 
is at the foot of, and directly opposite to Mam Tor ; and it 
appears that the disintegrated matter- from that elevated 
moor land, in conjunction with the limestone of the 
immediate locality, has furnished material by which the 
cayem was eventually blocked up. It is, however, worthy 
of note that the line of fault which crosses the countrj' from 
east to west, by which the limestone of the south is brought 
up against the Yoredale rocks of Mam Tor, passes close by 
the quarry, the termination of the rock at the mouth of the 
cave probably forming the southerly boundary of the fault 
at that place. 

I may add that these remarks have not been called forth 
by any feeling of captiousness, but solely from the desire of 
placing before the Society the facts of the case as they 
presented themselves to my mind, after an examination of 
the whole of the evidence which I have been able to collect 
bearing upon the subject. In all other respects than that 
of the character of the ossiferous channel, it aflfords mo 
pleasure in bearing testimony to the accuracy of the 
description given by Mr. Plant, and to fully recognise the 
value of his communication. 



Mr. Plant: The communication which has now been 
made upon the subject of the great "find" of bones near 
Castleton, gives me an opportunity of making a few 
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obsen^ations upon some further specimens of the hemes 
which we have lately acquired from Castleton. The fissure 
has at present yielded only the remains of animals which 
are extinct in Great Britain, although, as in the case of the 
aurochs, the reindeer, the bear, and the wolf, they are jet 
living in some places on the continent. The specimens on 
the table include a well-preserved hind part of the cranium 
of a reindeer, and the hind part of the skull of a bear, which 
probably belonged to the grizzly or to the brown bear. The 
sacnun of another bear, which I have satisfactorily proved 
to be that of the cave bear, (Ursus apelcem) placed side 
by side with sunilar bones from the Grotte des Echelle 
in France, it agi^ees to the most minute characters with them, 
and I do not hesitate to maintain that it is a bone of the 
true cave bear. I associate with this sacrum, another verte- 
bra and two fine upper canine teeth, as belonging also to the 
cave bear. The wolf is represented by a portion of the 
end of a lower right jaw containing an incisor tooth in 
perfection, and by a remarkably perfect sectorial molar, 
probably belonging to the same portion of jaw. There are 
also evidences of the wolf amongst the femoral and humeral 
bones in the collection. We have now collected sufficient 
evidences to prove the contemporaneous existence, in 
Pleistocene times on the moors of the High Peak, of the 
Bison or Aurochs, the Reindeer, the Cave Bear, the grizzly 
or Brown Bear, and the Wolf. 

The only regret we must all feel upon the question 
is, that there once existed a fine opportunity of making a 
grand collection of the remains of these, and perhaps of 
other Pleistocene mammalia, but that, through the ignorance 
of the quarrjmen and the culpability of others residing at 
Castleton, who professed to have some interest in geology, 
and claim to have had a knowledge, that these bones were 
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being turned out of the fissure for several years past, 

they were so far neglected as to lie about in heaps, until 

they could be conveniently sent to a bone mill and sold for 

making bone manure, we hear of cart loads being so 

disposed of during the last three years, and science would 

never have heard of this rich ossiferous fissure had it not 

"been for the accidental discovery of the bones, in April 

last, by the young geologists from Manchester. Many 

Museums in England would have been glad to have 

been enriched by a few of the thousands of bones that have 

been destroyed, and I regret personally to say that, for the 

part I have taken in making the discovery of the bones 

known to the world of science, I have been most liberally 

abused by these people at Castleton, ever since they were 

taught that the bones they had so long neglected, belonged to 

something more interesting than the oxen and horses they 

ignorantly took them for. 

When I visited the quarry the appearance of the place 
in which the bones were embedded never suggested to my 
mind that it had been a cave, and I carefully avoided using 
the word cave, but I am quite ready to agree to the sugges- 
tion now made by Mr. Aitken, that before the ground was 
disturbed by the quarrymen there most probably existed a 
small cavern, which has been almost worked out, and the 
floor fully exposed to daylight. 

In connection with this subject I wish to refer to the six 
specimens of chipped flints on the table, which I found on 
the high moors near Castleton, they are similar to the two 
chipped flints which have been described by Mr. Aitken in 
his paper. I do not care to mention the exact locality where 
these came from, as I may be again called hard names if I 
let out the secret to the Castleton geologists. The flints are, 
beyond all questions, pre-historic weapons of the flint-flake 



(•}i;i]-;ic1("i-, not iliu' <)ii('>. it is ti'Ur, ])iit >ui1i('ic-iitlv i>00(l t 
])(' cnmjKin-d witli limulrciK of Midi Hakes tliat arc found in 
Yorkshire and elsewhere. I have no doubt the locality, 
where these came from has great numbers upon it, 
probably, as we are only now beginning to be acquaini 
with existence of pre-historic relics in the surface soila 
this district, the finding of such specimens will be in 
very common, every fresh find wiU add to our knowh 
of the strange changes in climate, the animals and p] 
and also of man, which time has witnessed over in 
high moors of Lancashire, Derbyshire, and Cheshire. 



The following specimens were exhibited : — 

Boulders of granite, greenstone, volcanic ash, Sil 
grits, flint pebbles, and other rocks, from the drifts over 
moors ; two worked flint-flakes from the bottom of the 
deposit on Bull Hill, in illustration of the paper by 
Aitken ; a nimiber of quartzite boulders from the coal bed^^' 
exhibited by Mr. Plant, Mr. J. Wild, and Mr. Aitken ; 
nimiber of specimens of bones, including a sacrum, vertsi 
and two canine teeth, of Uram speloevs, a jaw of a wolf, 
of the crania of the browji bear, and of the reindeer,^' 
exhibited by Mr. Plant in illustration of his remarks on 
the Castleton deposit of extinct mammalia ; and six worked^ 
flints of the " flake" and " scraper" types, which came from 
the neighbourhood of Castleton, being found on the surface 
of the high moors. 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 



Pakt YI. Vol. XIII. Session 1874-5, 



ANNUAL MEETING. 



The Annual Meeting of the members of the Society was 
held on Tuesday, the 27th October, in the Philosophical 
Society's Booms, George-street, Manchester. 

The President, Mr. Thomas Knowles, M.P., Wigan, 

occupied the chair, and there was a very fair attendance. 
The notice convening the meeting having been road, 

Mr. J. E. Forbes, F.G.S., one of the Hon. Secretaries, 
read the Report for the past year. 

REPORT, 

It is with feelings of satisfaction that your Council find 
themselves able to report most favourably of the affairs of 
the Society, their anticipations that an improvement would 
be effected by holding their meetings at the rooms of the 
Literary and Philosophical Society have been fully realised, 
and the members who have been present at the meetings 
must have all felt this very agreeable change in their 
convenience and comfort. 

During the session which has closed seven ordinary 
meetings have been held, and a perceptible increase in the 
attendances has been observed ; the average attendances of 
members and visitors has been 24 at each meeting. 
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The members will be their own judges as to the scientific 
importance of the papers which have appeared in the 
printed Transactions during the session, but the Council may 
be permitted to remark that in all instances the subjects of 
th6 papers have been interesting, whilst some of them have 
announced new discoveries in Geology in this locality, and 
in this respect are important in being contributions which 
add new features to our knowledge of the specialities of the 
Geology of Lancashire and the bordering counties. 

The Council would direct the attention of those of the 
members of the Society, who are directly engaged in 
coal-mining and mining generally, to one paper on 
Coal-cutting Machinery as an instructive one; it is the 
only contribution during the session upon mining matters, 
and they would press upon those members that they would 
be doing an essential service to the Society by contributing 
papers of a similar character either upon the economic 
management of mines, explosions in mines, or other 
important features which belong to mining. Many highly 
estimated papers upon these subjects will be found in 
the earlier volimies of the Society's Transactions, and it is 
desirable that these should be continued so as to be a 
permanent record of the improvements and changes which 
yearly are being effected in all mining appliances and 
management. 

The Society at the present time has enrolled 120 
members, of which 91 arc subscribing members, 8 are 
life members, and 21 honorary members, 12 of whom have 
been elected during the present session. The Council have 
much regret to record the decease of three distinguished 
men, who have been members of this Society from the year 
of its foundation in 1838 ; their loss to the Society leaves a 
blank which will never be filled in like degree. Louis 
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Agassiz, Professor John Phillips, Sir William Fairbairn, 
are names xmiversally honoured. Four other members are 
also deceased — ^Mark Philips, Peter Higson, sen. ; William 
Brooke, F.G.S., and D. S. Cla}ix)n. 

Two new subscribing members have been elected during 
the session. 

Your Council have had mider their consideration the rules 
as they were framed at the time of the amalgamation of 
this Society with the late Natural History Society, in 1851. 
Many of these rules were no longer applicable to the present 
governance of the Society. The Council now submit to 
the members an amended code of rules, which have been 
carefully considered, and which, they trust, will meet with 
approval. 

The Society has been favoured by a large increase in the 
donations of works upon Geology and Mining from their 
authors and from kindred Societies, both in Great Britain 
and abroad, especially from the Geological Surveys of 
the United States and Canada. These additions are of 
considerable value, both in a pecuniary and in a scientific 
sense, and tend to make the library of greater use to the 
members. 

Your Council have considered in what way it was possible 
for them to reciprocate in this respect wdth these and 
other Societies, and they have adopted an organised plan, 
by which copies of our Transactions are to be regularly 
transmitted to them. The members will have become 
familiar with these Societies, as a list of them has been 
printed with Part IV. of our Transactions, for 1874. 

The stock of Transactions of the Society, in hand and 
unsold, is very considerable, but, unfortunately, of some of 
the parts only a few copies remain. A limited nimibor of 
complete copies of the Transactions have been bound in 
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six volumes, and can be purchased by the nietnhera, and the 
Council have noticed that an active demand for the past 
Transactions has taken place, and that once more an item of 
income from this source appears in the Treasurer's acooimts 
of the past year. 

The Library has been thoroughly examined and re-cata- 
logued during the session. The bound volumes of books 
arc now placed in a new bookcase in the entrance hall of 
the Society's rooms, and are available for the use of the 
members. The unboimd periodicals, works, and pamphlets 
are in the course of binding and cataloguing, and the 
Council expect that this very onerous, but necessary labour 
will be shortly completed, and a new and useful catalogue 
of the Library as it now exists will be printed for the 
members. 

The Financial Statement of the Treasurer, which is 
presented with this Report, shows that the receipts during 
the past year have been £303 12s. Id., and the expenditure 
£153 9s. 5d., leaving a balance of £150 2s. 8d. 
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NEW ORDINARY MEMBERS, 1874. 



W. A. Byrom, King Street, Wigan. 
J. H. Johnson, Strangeways, Wigan. 



NEW HONORARY MEMBERS. 



Owen, Richard, M.D., D.C.L., LL.D., F.R.S., &c., Bheen 
Lodge, Richmond Park, S.W. 

Harkncss, Prof. Robert, F.R.S., F.G.S., Queen's College, 
Cork. 

Hawkshaw, Sir John, Knt., F.R.S., F.G.S., &c., 33, Great 
George Street, Westminster, S.W. 

Ormerod, Geo. Wareing, M.A., F.G.S., Brookbank, Teign- 
mouth. 

Ramsay, Prof. Andrew C, LL.D., F.R.S., &c., Director- 
General of the Geo. Survey of the "United Kingdom. 

Hull, Prof. Edward, M.A., F.R.S., &c.. Director of the 
Geo. Survey of Ireland, 14, Hulme Street, Dublin. 

Geikie, Archibald, L.L.D., F.R.S., F.G.S., Director of 
the Geo. Survey of Scotland, Ramsay Lodge, Edinburgh. 

Agassiz, Prof. Alexandre, Cambridge, Boston, Mass., U.S. 

Woodhouse, John Thomas, F.G.S., M.I.C.E., Overseal, near 
Ashby-de-la-Zouch. 

Forster, Thomas Emerson, M.I.C.E., Blackworth, New- 
castle-on-Tjme. 

Morton, George Highfield, F.G.S., 21, West Derby Street, 
Liverpool. 

Hawkins, B. Waterhouse, F.L.S., F.G.S., Century Club, 
East loth Street, New York Citv. 
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MEMBERS DECEASED. 

Louia Agassiz, M.D.^ LL.D Hon.Member. 

William Brooke, F.G.S Elected 1864 

D. S. Clayton „ 1844 

Sir William Fairbaim, Bart., D.C.L., F.R.S. . „ 1838 

Peter Higson, sen., F.G.S „ 1838 

MarkPhilips „ 1838 

Professor John Phillips, LL.D., F.R.S Hon. Member. 



LIST OF PAPERS AjSTD SUBJECTS BROUGHT BEFORE 
THE ORDINARY MEETIIS'GS OF THE SESSIOIS". 



1873. 
Doc. 23. The President's Remarks. 

„ Dickinson, Joseph, F.G.S., " On the Saliferous Strata." 

1874. 

Jan. 27. Aitkcn, John, F.G.S., ** Notes on the Disco vciy of a 

new Fossil Fish of the genus Acrolepis (Ag.) in 

the Millstone Grit, near Hcbden Bridge, Yorkshire.'* 

„ Dawkins, "W. Boyd, F.R.S., &c., ** Communications 

upon the Registering of Glacial Boulders." 

Feb. 24. Plant, John, F.G.S., '' On Peat Fuels and their Economic 

Value." 

„ Jlant, John, F.G.S., '* Mammoth Bones discovered at 

Lothcrsdale." 

Mar. 31. Traice, W. H. J., *'0n Coal-cutting Machinery." 

„ Spencer, James, ''Additional I^otes on the Millstone 

Grit of the Parish of Halifax." 

„ Binney, E. "W., F.R.S., F.G.S., '* Letter on Permian 

and Trias Strata." 

April 28. Plant, John, F.G.S., *'0n Pleistocene Mammalia found 

near Castlcton, Derbyshire." 
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Juno Visit to Owens College to inspect the arrangement of the 

Collection of Fossils and Minerals which this 
Society had recently presented to the College. 

„ 30. Circidar read ''On the Sub-Wealden Exploration 
Extension." 

,, Aitken, John, F.G.S., *' On the Occurrence of High 

Level Drift in the neighbourhood of Bacup." 

„ Plant, John, F.G.S., *' On the Occurrence of Quartzite 

Boulders and Pebbles embedded in true Coal." 

„ Aitken, John, F.G.S., *' Remarks on the Bone Cave of 

Windy Knoll, near Castleton," recently described 
by Mr. Plant. 

The President moved, "That the report which had 
been read be accepted and printed as usual." He was sure 
there would only be one opinion, that it was an exceedingly 
gratifying and satisfactory report in every way, but 
especially as regarded the state of their finances. When 
societies like that could be worked so economically, it must 
greatly tend to their ultimate success, and although the 
meetings of that Society might not always have been 
attended so well as they could wish, still they could not but 
regard the Society as being in a very healthy and satisfactory 
position. 

Mr. J. Dickinson seconded the motion, which was passed 
unanimously. 

The President said that, by the new rules, it would be 
seen that the ex-Presidents would become, ex post officio, 
Vice-Presidents of the Society. 

The following gentlemen wore then unanimously elected 
officers and members of the Council for the ensuing year : — 
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Pbopessob W. BOYD DAWZIN8, M-A., F.E.8., F.G.8. 

JOHN AITKEN, F.G.S., JSx-President. 
JOSEPH DICBIKSON, F.G.S., Ex-PreHdmt. 
JOHN KN0WLE8, M.I.C.E., Ex-Prmdent 
THOMAS KNOWLES, M.P., Hx-Fteiidmt. 

Cnasmrtr : 
HENBY MEEE OEMEEOD. 

Pon. Sbttxtlmttx 

JOHN E. FORBES, F.G.S. 
JOHN PLANT, F.G.S. 

E. W. BINNEY, F.R.S., F.G.S., Bx-FreMmt 

WILLIAM BRYHAM. 

JOHN CROSS, Wigan. 

SAMUEL CROWTHER. 

R. D. DARBISHIRE, B.A., F.G.S. 

G. C. GREENWELL, F.G.S., JEx-Fresidrnt. 

W. H. JOHNSON. 

KAYE KNOWLES. 

CLEGG LIYESEY. 

JOSEPH 8. MARTIN. 

CLIFFORD SMITH. 

JOHN WILD. 

^4tbiior8: 

JOHN HEELI8. 
THOMAS LIVESEY. 

Mr. Plant then read the revised Hules of the Society, 
which were approved, and ordered to be printed. 



166 

Mr. J. Dickinson moved, ''That a vote of thanks be 
given to the retiring President, Mr. Thomas Enowles, M J?.'' 

This was seconded by Mr. Tonoe, and agreed to unani- 
mously. 

Mr. Knowles, in responding, said he was exceedingly 
grateful for this mark of their confidence, which, he thought, 
he scarcely deserved. His attendance at their meetings had 
not been so regular as he could have desired ; but this, he 
could assure them, arose from no fault of his own, but from 
causes over which he had no control He had intended to 
read before the Society a Paper embodying his experience in 
mining matters, but the pressure on his time had prevented 
this ; as soon, however, as he could find opportunity to 
complete this Paper he should be most happy to read it 
before the members. 

. The names of Mr. G. C. GreenweU, jun., Poynton ; Mr. T. 
T. Wilkinson, r.R.A.S., Burnley; and Mr. W. H. Hewlett, 
were proposed and admitted as ordinary members of the 
Society. 
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NOTEXBEB, 1874. 



The Names of Honorary Members are printed in Italia. 
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Aitkcn, John, F.G.8., Bacup. JEx-PreBidenU 
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Crowther, Samuel, Bradford Offices, Bolton. 
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1868 



Charlton, F. P., jtmr., Highcroft House, Famworth. 
Chattwood, Joseph, Park Bank, Higher Broughton. 
♦Coulthart, J. Ross, F.R.S.L., Croft House, Ashton-undcr- 

Lyne. 
Cross, John, 78, Cross Street, Manchester. 
Cross, John, Gidlow House, Wigan. 
Craig, William Young, Alsagar, Stoke-on-Trent. 



1869 Dawkins, Professor W. Boyd, M.A., F.R.S., The Owens 
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1860 Darbishire, R. D., B.A., F.G.S., 26, George Street, Man- 
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1856 Dickinson, Joseph, F.G.S.^ H.M. Inspector of Mines, 
South Bank, Pendleton. JSx-Presidmt. 

1859 Diggle, James, Westleigh Colliery, Leigh. 

1866 Eccles, James, F.G.S., 15, Durham Villas, Phillimore 
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1838 ♦Egerton, Sir Philip de Malpas Grey, Bart., M.P., F.R.S., 
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1859 Forbes, John Edward, F.G.8., 5, York Street, Manchester. 

1868 Fletcher, Thomas, Haulgh, Bolton. 
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President, 
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Street, London, W. 
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1855-6-7 

1857-8-9 

1859-60-1 

1861-2-3 

1863-4-5 

1865-6-7 

1867-8 

1868-9-70 

1870-1-2-3 

1873-4 



Ellesmerc, The Right Hon. the Earl of, 

Egerton, The Rt. Honorable Lord Francis, 3I.P. 

Hcywood, James, F.R.S., F.G.S. 

Egerton, Sir Philip de Malpas Grey, Bart., M.P. 

Black James, M.D., F.G.S. 

Mosley, Sir Oswald, Bart. 

Thicknesse Ralph, M.P., Wigan. 

Heywood James, M.P., F.R.8. 

Black James, M.D., F.G.S. 

Egerton, Sir Philip de Malpas Grey, Bart., M.P. 

Binney, E. W., F.R.S., F.G.S. 
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Geologicai. SoCI£TI£&. 

Edinburgh, ''Transactions." Parts 1, 2, 3. Vol. II. 
Glasgow, ** Transactions." Part 3. Vol. IV. 
London, ''Quarterly Journal." Nos. 116, 117, 118, 119, 

120. 1873-4. 
" Abstracts of Sessions 1873-4." 
Gcologbts' Association. " Proceedings of the Session," 
Vol III., 1874. 






LiTEBART AXD PuiLOSOPniCAL SOCIETIES. 

lieeds, '^ Annual Ilcports," 1872-3-4. 

Leicester, "Annual Reports," and "Presidents' Addresses," 

1867-74. 
Manchester, "Proceedings." Vols. VIII., IX., X., XI., XII., 

XIII. 
Bristol, Naturalists* Society. "Proceedings," 1872-4. 
Warwick, Naturalists' Society. " Reports," 1872-3-4. 
London, Royal Society. "Proceedings," 1852-3-4. 
Birmingham, '< Catalogue of Free Library of Reference," 1869. 
„ " Twelfth Annual Report," 1873. 



The United States Geological SimvEY. 

From Dr. F. V. Hayden, TJ.8„ Geologist, Washington : — 

" Contributions to the Extinct Vertebrate Fauna of the 
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Vol. I., " Fossil Vertebrates," by Prof. Joseph Leidy. 

Vol. v., Part 1, " Acrididec of North America," by Cyrus 

Thomas, Ph.D. 
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" Profile!^, Sections, and Illustrations to the final Report 
of the Chief Geologist of the Snrvey of the Terri- 
tories," 4to, 1872. 

'* Sixth Annual Report of the U. S. Gk)ological Survey 
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8vo, 1873. 

** Synopsis of Now Vcrtehrata from the Tertiary of 
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Reports of the United States Geographical Survey 
of the Territories for the vear 1872," 8vo, 1873. 

^•Synopsis of the Flora of Colorado," hy T. C. Porter 
and J. M. Coulter, pp. 180. 
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Council ^ 
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Geological Suitov. 
Giological Soiirty* 
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Oxford Geological Museum, University. 

JBzeter Free Museum and Library. 

Camwall Boyal Geological Society. 

Royal Institute. 

Bristol I^aturalists' Society. 
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Royal Geological Society. 
Belfast Natural History Society. 
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Berlin Geological Society of Germany. 
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8L Peterehurgh .... Academy Imperial. 

Christiania Royal University of Norway. 

Dresden Natural History Society " Isis" 
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V. — United States akd Canada. 

Washington, U.S. • . Smithsonian Institution. 

Columbus, U.S Oliio, Geographical Survey of (Dr. J. 8. 

Newberry, F.G.S.) 
Washifigton, U.S. . . . Dr. F. V. Hayden, U.S., Geologist. 
Philadelphia, U.S. . . H. Darwin Rogers, State Geologist. 

New York, U.S SiUiman^s Journal. 

Montreal • . . Geological Survey of Canada (A. R. €• 

Selwyn, F.G.S. , Director). 
McGill College (Frincipal J. W. Dawson) 

Boston, US Free Library. 

New Saven Professor 0. C. Marsh, F.G.S. 

Indiana £. C. Cox. 

Albany Terpknck Colvin. 

St. Louis. ,..,,..,. 0. C. Broadhead, State Geologist. 
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VI. AUSTUALIA. 

Melbourne Free Library. 

Sydney Free Librarj'. 

NetveiutJe J. Mackenzie, F.G.S. 



VII. SCIKNTTFTC JornXAT^s. &(.'. 

Quarterly Journal of Seiencey Geological Magazine, Naturey 
Science Gossip, Mining Journal, Colliery Guardian. 



|(44<ri[i{ $i ^J4ri(rjj<!al "^t^iiateiit* 



IT has been decided to publish, as a yearly volume, a Record of 
Works on Geology, Mineralogy, and Palaeontology, British and 
Foreign. 

The first volume will be printed by the middle of 1875, ^^^ ^'^^^ 
contain short abstracts or notices of Papers, Books, Maps, etc, 
published during the year 1874. It is estimated that this volume 
will contain from 200 to 300 pages, and that its price will be 10/6. 

The gentlemen named below have volunteered to assist in the 
work, which has already been begun. Those marked * have taken 
charge of various sections (as Sub- Editors), and the last has under- 
taken the post of General Editor. 

Rev. T. G. Bonney, F.G.S. 
•W. Carruthers, F.R.S., F.G.S. (British Museum). 

C. E. De RANCt:, F.G.S. (Geological Survey). 

•R. Etheriuge, Junior, F.G.S. (Geological Survey of Scotland). 

D. Forbes, F.R.S., F.G.S. 

Dr. C. Le N. Foster, F.G.S. (Inspector of Mines). 

Prof. Geikie, F.R.S., F.G.S. (Director of the Geological Survey 
of Scotland). 

•Prof. A. II. Green, M.A., F.G.S. 

T. M. Hall, F.G.S. 

E. T. Hardman (Geological Survey of Ireland). 
Prof. T. R. Jones, F.R.S., F.G.S. 

A. J. Jukes-Browne, B.A., F.G.S. (Geological Survey). 
•G. A. Lebour, F.G#S. 
•L* C. MiALL (Leeds Museum). 

Hugh Miller F.G.S. (Geological Survey). 

E. T. Newton, F.G.S. (Jermyn Street Museum). 
•Dr. H. a. Nicholson, F.G.S. 
•F. \V. Rudler, F.G.S. (Jermyn Street Museum). 

H. G. Seeley, F.G.S. 

E. B. Tawney, F.G.S. (Bristol Museum). 
•\V. Topley, F.G.S. (Geological Survey). 

Henry Woodward, F.R.S., F.G.S. (British Museum). 

H. B. Woodward. F.G.S. (Geological Sur\'ey). 

W. Whitaker, B.A., F.G.S. (Geological Sur^•ey). 

^he work will be greatly helped if Provincial Societies and Field 
^"S will forward copies of their publications to the Editor. 



It is hoped, from the low price, that the number of Subscribers 
(amounting to 200 before the issue of this Circular) will be enough to 
cover the expenses of printing ; but should this not be the case, the 
following gentlemen have kindly consented to act as Guarantors: — 

Dr. Bigshv, F.R.S., F.G.S. 

E. W. BiNNEY, Esq., F.R.S., F.G.S. 
Rev. T. G. Bonxey, F.G.S. 

Dr. Bowerbank, F.R.S., F.G.S. 
\J. Brigc, Esq., F.G.S. 
\ A Friend. 

H. CossHAM, Esq., F.G.S. 

F. Crisp, Esq., F.Z.S. 

C. Darwin, Esq., F.R.S., F.G.S. 
T. Davidson, Esq., F.R.S., F.G.S. 
J. EccLKS, Esq., F.G.S. 

Sir p. de M. G. Egerton, Bart., F.R.S., F.G.S. 
The Earl ok Enniskillen, F.R.S., F.G.S. 
J. Evans, Esq., F.R.S. {Prcv. C, S.) 
J. Fawssett, Esq. 

D. FoRKES, Esq., F.R.S. (Sgc, G. S.) 

R. A. C. Godwin-Austen, Esq., F.R.S., V.P.G.S. 

Capt. Marshall Hall, F.G.S. 

J. GwvN Jeffreys, Esq., F.R.S. (Ttaw. G. S») 

W. Koch, Esq., F.G.S. 

Sir J. LuBDucK, Bart., F.R.S., F.G.S. 

Sir C. Lyei.l, Bart., F.R.S., V.P.G.S. 

G. Maw, Esq., F.G.S. 

J. C. Moore, Esq., F.R.S., F.G.S. 

J. A. Phillips, P:sq., F.G.S. 

J. pRESTWicH, Esq., F.R.S., V.P.G.S. 

F. G. H. Price, Esq., F.G.S. 

G. P. SCROPE, Esq., F.R.S., F.G.S. 
The Earl of Selkirk, F.R.S., F.G.S. 
S. M. Smith. Esq. 

Sir W. C. Trevelyan, Bart., F.G.S. 
A. TvLoR, Esq., F.G.S. 
H. WiLLETT, Esq., F.G.S. 
S. V. Wood, Esq., F.G.S. 

Names of Intending Subscribers, and of Societies and Institution^ 
that will purchase the Record for 1874, will be gladly received b 
the Editor. 

W. WHITAKER, 
Geological Survey Office, 

Jermvn Sireet, 
Noicmber, 1S74. London, S.W. 



pakmrfagrap|ical m(xt% 



Heport of the Council to a General Meeting, held at the 
Apartments of the Geological Society, Somerset House, 
London, on the 4ih April, 1873. 



PKOFESSOR OWEN, F.K.S., in the Chaie. 



The Council in presenting their Twenty-sixth Annual 
Beport feel mucli pleasure in congratulating the Members 
on the wellbeing and continued success of the Society. 

Financially, the twelve months now passed have been 
fruitful both in the acquisition of New Members and ia 
the payment of back Subscriptions ; matters of no slight 
importance in connection with the prosperity of the 
Treasurer's resources. The receipts have been far above 
the average. Not only was the amount collected (£918) 
considerable^ it was in excess of any sum hitherto recorded 
in the Yearly Statements of the Council. All liabilities 
have been paid. No bills belonging to the last Volume 
Temain unsettled. The Artists' charges also, in connection 
^ith the forthcoming Volume, have been defrayed in every 

^ase where proofs of the plates have been presented and 

approved. 

With regard to the Publications of the Society, much 

'progress has been made. The past year witnessed the issue 

^f two Volumes, those pertaining to the years 1871 and 1872. 

The old arrears, therefore, so long a source of anxiety to 



the Council, and so often an impediment io the acquisition 
of New Subscribers, have been overcome. 

These Volumes (for the years 1871 and 1S72) contain 
much valuable matter bearing upon several diverse bcanches 
of Pal aeon tological Science. In the work for 1871 appears 
the first portion of a Supplement to the Crag Mollusca 
(Univalves), by Mr. Searles Wood, a veteran contributor, 
wUose researches on the same class of past organisms formed 
the introduction to the series of the Society's Publications 
more than a quarter of a century since. The Supplementary 
Memoir on the Crag Univalves is illustrated by an original 
and very elaborate Map with "Sections of the Crag District 
showing the geology of the Newer Tertiaries, in that part 
of England. The Map itself was drawn and presented by 
Mr. Searles Wood, Jun., and is elucidated by a paper on 
the same geological region, contributed by that gentleman 
and Mr, F. W. Harmer. The cost of colouring the Map, 
although partly paid for by the Society, is in the main the 
gift of those Authors. 

In the Volume for 1872 appeared the first part of a 
Monograph on the Trigonia), by Dr. Lycett, previously a 
contributor in conjunction with Prof. Morris, and one of the 
authors of the Memoir on the Great Oolite Mollusca. The 
illustrations to this work, printed in Paris, are fine examples 
of Lithography. 

The other Monographs comprised in the two Volumes 
are continuations of previous subjects by Mr. Binney, Prof 
Duncan, Dr. Wright, Mr. Woodward, Prof. Owen, and 
Messrs. Boyd Dawkins and Sanford, and refer to the 
Carboniferous Flora, the Oolitic Corals, the Cretaceous ♦ 
Echinodermata, the Fossil Merostomata, the Iguanodon, and 
the Pleistocene Mammalia. 

In reference to the Volume for the present year (that 
for 1873) much progress has been made. The whole of the 
Plates, with a very few exceptions, are finished ; nearly 
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fcalf the MS. is with the Printer and many sheets in 
type. More Manuscript is also available and is in the 
Secretary's hands. In this Volume • Mr. Davidson will 
commence a Supplementary Work on the Brachiopoda, Mr. 
Searles Wood will continue his Supplement to the Crag 
Mollusca, by the addition of the Bivalves, Dr. Wright will 
proceed with the Cretaceous Echinodermata, and Prof. Owen 
will publish new parts in connection with the Wealden 
Septilia. 

Preparation is being made for the Publication of the 
Tolume for the year 1874, of which many Plates are ready 
and paid for. The Contents will comprise, amongst others, 
the Post-Tertiary Entomostraca, by the Eev. H. W. Crosskey 
and Messrs. G. S. Brady and D. Eobertson, the Carboniferous 
^Entomostraca, by Prof. Eupert Jones, and a continuation of 
the TrigonisB, by Dr. Lycett. 

At the present moment there are in existence 74 plates, 
of which the whole, as far as the Artists are concerned, 
will be no further cost to the Society, and of which several, 
long since printed off, are in stock and paid for. The plates 
refer to Tertiary Plants, Cretaceous Echinodermata, the 
Crinoidea, Post-Tertiary and Carboniferous Entomostraca, 
Tertiary and Secondary Mollusca, and Secondary Reptilia. 

In conclusion, the Council solicit help from all lovers of 

Geological Science, in their efforts to depict and describe 

*he British Possils. Already the sum of £18,000 has been 

dpeDded in the elucidation of the organisms entombed in 

the Strata of Groat Britain, and 26 Quarto Volumes have 

"^©n published written by the best Palaaontologists of the 

"^et the 3933 species described in those 26 Volumes are 

but a fraction of the total waiting inspection. The completion 

of -fcte great work can only be effected by the mutual co- 

op^x^tion of the Scientific Public, the outlay of large funds, 

*^1 careful research on the part of many workers. 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 



Paet YII. Vol. XIII. Session 1874-5. 



At the Ordinary Meeting of tho members, hold at the 
Literary and Philosophical Society's House, on Tuesday, 
24th November, 1874. 

Professor W. Boyd Dawkins, M.A., F.R.S., President of 
the Society, in the Chair. 

There was a good attendance of the members and visitor?. 

The following gentlemen were proposed as Ordinary 
Members of the Society : — The Rev. Addison Crofton, 
Wyngate House, Levenshulme ; Captain Henry Allen Gun, 
R.E., F.G.S., Royal Engineers' Offices, Manchester. 

INAUGURAL ADDRESS 
By the President, Professor W. Boyd Dawkins, 

M.A., F.R.S., F.G.S., &C. 



It is genendly considered the duty of the President, in 
taking the Chair, to deliver an Address, either on the 
progress which has been made by the science which he 
represents in the last session, or on some department of 
q>ecial research, in which he himself is more particularly 
interested. The inexorable demands on my time forbid, 
alas ! the performance of either of these duties fully and 
thoroughly. I shall therefore merely give a short analysis 
of the most important additions to our knowledge since the 
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last session, which occur to me in those departments of the 
many-sided science of Geology that relate to mining, 
engineering, and terrestrial physics. 

The Workable Depth of Coal. 

Since the delivery of the last Address, two facts of 
considerable value in coal-mining have been ascertained. 
It will be in the memory of those who read the Report of 
the Coal Commission of 1871,* that the limit of the depth 
at which coal could be worked was fixed by the temperature 
of the blood, or 98'', at which, according to Dr. Burden 
Sanderson, " labour is not practicable, except for very short 
intervals, in the moist air which is generally met with in 
mines." 

" The evidence having shown that the question of 
maximum temperature \mder which work could be carried 
on in a coal mine hinges in a great measure on the 
hygrometric condition of the air, the Committee proceeded 
to inquire what was the state of flie air in regard to moisture 
in coal mines? The observations which they collected on 
this point show that the air at the working faces of the 
coal was always humid, and often saturated vrith moisture. 
In general, however, the deepest collieries appear to be the 
driest, although there does not appear to be any ratio 
between depth and dryness. The depth at which the 
temperature of the earth would amount to blood heat, or 
98°, is about 3000 feet. Under the long- wall system of 
working, a difference of about 7° appears to exist between 
the temperature of the air and that of the strata at the 
working faces ; and this difference represents a further depth 
of 420 feet ; so that the depth at which the tcm2)erature of 
the air would, under present conditions, become equal to 

♦ CJoal Ck)m., 1871, p. ?iii. 
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the heat of blood, would bo about 3420 feet. Beyond this 
point the considerations afTccting increase of depth and 
temperature become so speculative, that the Committee 
felt it necessary to leave the question in uncertainty ; but, 
looking to possible expedients which the future may elicit 
for reducing the temperature, they considered it might 
fairly be assumed that a depth of at least 4000 feet might 
be reached." 

The deepest workings which afforded data in coming to 

this conclusion were : — 

The Pendleton Pit 2214 ft. deep. 

The Rosebridge Pit 2376 „ 

A Colliery near Charleroi, in Belgium. 2640 „ 

A CoUiery at St. Gilly* 3000 to 3280 ft. 

The last of these had been abandoned, though not on account 

of the heat at that depth. 

Since these facts were brought before the Commis- 
sioners, another Belgian mine has been successfully 
carried to a greater depth than any of the above. I 
am informed by my friend Mr. Hunt, F.R.S., that 
the colliery at Echelles de Simont Lambert du Charbyo 
des Vivi^res was 1040 metres, or 3511 feet, about three 
years ago. Thus the limit of 3420 feet has been already 
surpassed, without, so far as I know, any unusual difEcidty 
having arisen from the temperature, of Jsuch a nature as to 
cause the adoption of extraordinary means of ventilation. 
It seems, therefore, very probable that the difficulties offered 
to the sinking of mines at a greater depth even than 4000 
feet can be overcome by the genius of our engineers, and 
that by means of increased ventilation and the widening of 
the shafts the temperature may be reduced, so as to allow' 
coal being worked considerably below the limit chosen by 

* The evidenco as to this mine is not at oU comploto. 
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the Commissioners in their estimate of the amomit of coal 
available in this country. At all events, it is satisfactory to 
know that in Belgium coal is being worked now at a depth 
greater than any of our collieries by more than one 
thousand feet. 

On this question, it is interesting to note in the last 
Athoupum that the Prussian engineers have bored, at Speren- 
berg, twenty-five miles south of Berlin, to a depth of mow 
than 4040 feet in the salif erous rocks, which they struck at a 
depth of 283 feet. [AtJien^um, Nov. 21, 1874, p. 283.] 

A Cause of Explosions in Mines. 

To Mr. W. Galloway, one of H.M. Inspectors of Mines, we 
are indebted for the demonstration of the mode in which some 
of the worst explosions in collieries have been produced* In 
an elaborate paper before the Royal Society, in May, 1874,t 
he has pointed out the intimate relation which exists in the 
cases, which have come under his observation, between the 
explosion of the gas and the firing of shots. In the 
majority of cases, the explosion is not due to the direct 
firing of the inflammable gas by the shot, but to the 
concussion of the air, or the sound- nave, which causes the fl<ime 
of the safety-lamp to pass through the gauze and ignite " the 
fire-dampy^ sometimes at a considerable distance from the 
point of firing. This position he has support^ by a series 
of carefully-conducted experiments.* The disaster at the 
Oaks Colliery, in 1866, when 334 men lost their lives ; that 
of Femdale in 1867, where 178 men were killed ; and that 
of Seafcam, in 1871, with a loss of 26 men, are among the 
more prominent instances which he brings forward of 



t Proceed. Koyal Soc., vol. xxii., p. 411. 1874. 
* Dr. lloscoo verified this conclusion by a beautiful experiment in hifl 
][mblic lecture, ut Owens Collogo, on Uth December. 
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explosions traceable to the air- wave caused by the shot. If, 
then, this cause of explosion be fully recognised, the removal 
of all tefety-lamps from the places in which they are 
surrounded by fire-damp, when shots are fired, will, beyond 
all doubt, considerably lessen the average number of 
explosions, and prevent the expenditure of human life. 
The delusion that a safety-lamp is safe under all conditions 
has led to the loss of many valuable lives, and the recognition 
of the fact that it is most dangerous when it is traversed 
by a wave of vibration in an atmosphere of fire-damp vnH 
certainly remove one element of peril in coal mining. This 
important truth is worthy of the careful attention of all 
men connected with the working of coal pits. 

The Tunnel from England to France. 

In the department of Applied Geology, Professor Prest- 
wich's papert on the construction of a tunnel between 
England and France, read before the Institute of Civil 
Engineers, deserves especial notice, not merely because it 
relates to an enterprise of international importance, but 
because it shows the intimate relation which exists between 
Geology and Engineering. After giving an account of the 
strata which compose the surface on either side of the 
Channel, and showing that the often serious, if not imsur- 
mountable difficulties, to successful tunnelKng, mainly on 
account of the vast quantities of water which they contain 
below the sea level, he proceeds to show that the palax)zoic 
rocks imdemeath do not present the same difficulties, because 
they are protected from the influx of water by the mesozoic 
rocks which rest on their water- worn edges, and thus form 
a natural puddling or grouting. He supports this view by 
quoting the dry workings in the Belgian coal-fields, where 

t Inst. Civil Enginoon, Doc. 0, 1873. 
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tlio edges of the eoal measures are covered by mesozoic 
strata of the same kind as those on the coasts of the 
Channel. The depth below the sea level, at which these 
palooozoic rocks may be expected to be found, is estimat<ed at 
750 feet at Boulogne, from 650 to 700 feet at St. Margaret's, 
and at Folkstone at not more than 300 or 400 feet. 

If this great tunnel be ever taken in hand (and when 
such works as the tunnel through Mont Genis have been 
completed we need not despair of its accomplishment), 
Professor Prestwich's paper will form a valuable basis, and 
we shall see in a concrete form the value of geological 
theory worked out into practice by the highest skill of the 
engineer. In cases such as this, it may be said that 
geological theory bears the same relation to engineering 
practice, as faith to works in the world of morals. 

The Sub-Wealden Exploration. 

The enterprise of reaching the palaeozoic rocks through 
the overlying secondary strata at Netherfield, near Battle, 
which was begun in 1872 by the Sub-Wealden Exploration 
Committee, is still being carried on in spite of numerous 
obstacles, and without the least pecuniary gain being possible 
to the promoters, in the event of its being crowned with 
success. The total dej^th of the boring at the present time 
is 1030 feet, or within two or three himdred feet of the 
probable position of the palaeozoic rocks, which it is designed 
to reach. The section is as follows : — 

4. Purbeck marls and impure limestones, with 

30 feet of gypsum in lower portions 180 „ 

3, Portland sandy and cherty beds 110 „ 

2. Kimmeridge clay • 660 „ 

1. Oxford clay 80 feet 



.•^■■^M 



1030 feet. 
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The first 313 feet were bored with a steel drill nine inches 
in diameter^ and the rest by the diamond boring process^ 
with "a crown" or cylinder of soft iron charged with 
diamonds (carbonado), and with a diameter of 3^ inches. 
It will be observed that in the above section the calcareous 
or sandy beds of the Coral Rag or Coralline Oolite are 
mirepresented, and that consequently the Kimmeridge rests 
on the Oxford clay. 

The Committee by whom this work is being carried on 
are fully aware of the imcertainty as to what member of 
the palcDOzoic rocks will be discovered at the bottom of the 
boring ; but they are persuaded that the information which 
they will gain will be of great value as a guide to further 
researches, in which the true position of the buried coal- 
measures will ultimately bo revealed, which connect the 
coal-fields of Somerset with those of Belgium and Northern 
France. The sinking, therefore, at Netherfiold is of the 
highest interest, not merely on account of the additions to 
our knowledge of the distribution of the secondary rocks, 
but because it will probably lead ultimately to the discovery 
and working of the coal-measures in south-eastern England, 
and thus put off the evil day when our available stores of 
coal will be used up, and when our manufacturing enterprise 
will depart to other lands well stored with coal, leaving 
England to relapse into the agricultural condition from 
which she has emerged. 

The importance of this being carried out has been so 
fully recognised by the Royal Society, the Geological 
Society, and the Institute of Civil Engineers, that a joint 
application to the Chancellor of the Exchequer has resulted 
in a Government grant of £1000, or one pound for each 
foot bored (which costs £3), from 1000 to 2000 feet, in aid 
of this costly undertaking. The result wiU have a most 
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important bearing on the projected tunnel between France 
and England, 

The Soukce of Volcanic Heat. 

In tbe department of physical Geology, the most 
important addition to our knowledge has been made by 
Mr. Robert Mallet, F.R.S., in a paper on " Yolcanio 
Energy," read before the Royal Society in 1872,* and 
published in the last number of the Philosophical Transac- 
tions. In it he shows the various relations and points of 
connexion between volcanic phenomena, earthquakes, and 
the lines of moimtain elevation, which imply that they are 
the results of the play of "one set of cosmical forces" 
which have been brought into operation by the gradual 
cooling of the earth from an incandescent sun*like state to 
its present condition. His argument is as follows : — >A8 the 
cooling of the earth proceeded, the crust gradually thickened 
and contracted less and less as the temperature became 
lowered. The hotter nucleus, on the other hand, contracted 
more, being at a higher temperature than the crust, and 
having a higher co-efficient of contraction for equal loss of 
heat. By this process, which is still going on, the crust of 
the earth would shrink at one rate, and the vastly hotter 
central portion at another and greater rate, and thus cavities 
would be formed between the crust and the nucleus — cavities 
which would be inevitably filled by the cniehmg down of the 
solid crust on the more swiftly contracting nucleus, by the 
force of gravitation, which is sufficient to crush the hardest 
rocks. And as the solid crust follows the shrinking nucleus, 
" the icork expended in mutual crushing and dislocation of 
its parts is transformed into hcaty^ by which, at the points of 
crushing, the rocks are heated even to fusion. Tho access 



♦ PhU. Tranfl,, vol. 162, p. 143, ; Proceed, Boyal Soc xx. 438. 
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of water to sucli points detemiiues volcanic eruption. Theso 
points of crushing may occur at various depths in tho 
solid crust. 

He then proceeds to measure the amount of actual 
contraction by tho annual amoimt of heat lost by radia- 
tion into space, which is sufficient to liquify 777 cubic 
miles of ice into water at 32'^, and comes to the conclusion 
that less than one-fourth of total annual loss of heat would 
suffice to produce the contraction necessary for his hypothesis. 
The actual amount of annual contraction is estimated at a 
reduction of 3'ot inches on the earth's radius, an amount too 
small to be measured by any astronomical method, and yet 
more than enough to produce all the volcanic phenomena 
now to be observed on the surface of the earth. 

These conclusions are tested by a series of carefully- 
conducted experiments on the amount of heat capable of 
being developed by crushing various kinds of rocks. They 
seem to me to oflfer a satisfactory explanation of earthquakes 
and volcanoes, hitherto accounted for by various unsatis- 
factory speculations. Their bearing on the general great 
physical history of the earth may best be- explained in the 
words of their able author. J 

" In the source that has been pointed out as that from 
which volcanic heat is itself derived, viz., tho secular 
cooling of our globe, and the effects of that upon its solid 
shell, wo are enabled to point to that which is the surest 
test of the truth of any theory — that it not oiJy enables us 
to accoimt for the phenomena, near or remote, but to predict 



* I can account in no othor way than this for the glazed surfaced in some 
cases of slickensides in loose gritstone rocks, such as those which Mr. Aitkcn 
hat dfiflcribcd in tho Transactions of this Society. 

t rtococd. Roynl Soc. xxiL, 328. 

X Pttlmiori, ** Vesuvius.*' Introd., p. 173. 
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them. We see hero linked together, a« parts of one grand 
play of forces, those of contraction by cooling, producing by 
direct mechanical action the elevation of mountain chains, 
and by their indirect action by transformation of mechanical 
work into heat, the production of volcanoes ; and both by 
direct and indirect action of earthquakes, never previously 
shown to have thus the physical connection of one commoD 
cause, but merely supposed, more or less, to be connected by 
their distribution upon our earth's surface. 

" We now discern thus the physical cause ?rAy volcanoes 
are distributed, viewed largely, linearly, and follow the lines 
of elevation ; we see equally why their action is uncertain, 
non-periodic, fluctuating in intensity, with longer or shorter 
periods of repose, shifting in position, becoming extinct here, 
appearing in new activity or for the first time there. A\"e 
have an adequate solution of the before inexplicable fact of 
their propinquity, and yet want of connection. We have 
an adequate cause for the fusion of rock at local points, 
without resorting to the baseless hypothesis of perenniaJ 
lakes of lava, &c. For the first time, too, we discern a 
true physical cause for earthquake movement, where volcanic 
energy docs not show itself. The crushing of the world's 
solid shell, whether thick or thin, goes on 2^^f' saltum and 
at ever-shifting places, however steadily the tangential 
pressures producing it may act. Hence crushing atone may 
be shown to develope amply sufficient impulse to produce the 
most violent earthquakes, whether they be or be not, at a 
given place or time, connected with volcanic outbuilt or 
dossible injection, or Ts-ith tangential pressures, enough still, 
in some cases, to produce partial permanent elevation. 

"When subterraneous crushing takes place, and the 
circumstances of the site do not permit the access of water, 
there may be earthquake, but can be no volcano; where 
water is admitted, there raav be both. 



191 

" And thus wo disceni why there are coini>nratiAely few 
sabmarine volcanoes, the floor of the ocean being, on the 
whole, water-tight — spuddled, as an engineer would say, by 
the huge deposit of incoherent mud, &c., that covers most 
of it, and probably having a thicker crust beneath it than 
beneath the land. We see, moreover, that the geological 
doctrine of absolute uniformitv cannot be true as to 
vulcanicity, any more than it can for any other energy in 
play in our world. Its development was greatest at its 
earliest stages, when the great masses of the mountain chains 
were elevated. It is even now — though as compared to 
man's experience, and even to all historic time, a2)parently 
uniform and always the same — a decaying energy. 

" The regimen of our planet as part of the Kosmos, which 
seems to some absolute (and presented to Play fair no trace 
of a beginning nor indication of an end), is not absolute, 
and only seems to us to have been so because we see so little 
of it, and of its long perspective in time. This the now 
established doctrine of the conservation of energy renders 
certain. 

"With this source for volcanic heat, too, in our possession, 
we can look from our own world to others, and predict, 
within certain limits, which must widen as our knowledge 
of the faets of their substance and surface become greater, 
what have been and what are the developments of 
volcanity which have taken place or are occurring 
in or upon them. Looking to our owti satellite, we see 
for the first time a sufficient physical cause for the 
enormous display of volcanic energy there which the 
telescope di\Tilge3 to us ; one which is not to be explained 
alone by the commonly made statement of the small density 
of the moon, but by the fact that as the rate of her cooling 
from a given temperature, as compared with that of our 
earth (apart from questions of the chemical nature of the 
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two bodies^ or of their specific heats^ &c.), has been inversely 
as their respective masses, and directly as their surfaces," so 
the contraction has been greater and swifter, and the 
consequent development of heat by crushing also greater. 

The Ancient Volcanoes of Scotlai^d. 

In the same department of Geology, Mr. Judd's* 
contribution to the historv of the ancient volcanoes of 
Scotland deservedly stands pre-eminent. In it he shows 
that there were two greiit periods of volcanic activity — ^the 
one post -Silurian, and continuing till the close of the 
Permian ; the other post- cretaceous, and continuing till the 
close of the Mcioeeno ago. In both these periods the 
phenomena were the same, a great outburst of light, 
siliceous, or acid rock (felstone, pitchstone, &c.), being 
followed by an eruption of heavy or basic material (basalt, 
trap, lava, &c.) from the same vents. And in both these 
periods, after the great vents had been blocked up, smaller 
secondary vents, or " puys," were developed in the neigh- 
boiu'hood, which mark a decadence of the volcanic energy, 
lie estimates the base of the volcanic cone, which was in 
eruption in the Island of Mull in the Meiocene age, as being 
forty miles in circumference, and the minimum height at 
10,000 feet, and proves that in those times a range of 
volcanic mountains on the grandest scale rose on the north- 
western side of Scotland. The volcanoes of the north of 
Ireland were in eruption at the same time, as may be seen 
by the Meiocene forest, which lies buried under the basaltic 
lava of Antrim. 

Mr. Judd's essav is well worthy of the attention 
of all potrologists, since it shows how the more largely 
crystalline rocks of the acid and basic groups graduate into 
the more finely- grained and glassy forms, and that the 



• Qiwrt. Geol. Joum. xxx. 220. 
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plutomic rocks are merely those which have been cooled at 
the roots of volcanoes, while the volcanic are the same rock 
materials which have cooled at or near the surface. In 
other words, the terms "plutonic" and "volcanic" merely 
relate to position and rate of cooling. 

The Rhine ix the Meiocene Age. 

TVo are indebted to Professor Ramsay, F.R.S., for a 
further contribution to the Meiocene Geography of Europe,* 
in which he shows that the Rhino did not then flow from 
the Alps into the North Sea, but in a contrary direction 
from the palax)zoic rocks of Hunsriick and Taunus south- 
wards, so as to debouch into the Mediterranean area. 

Taking, indeed, a general view of the physical changes 
which intervened between the close of the Meiocene and the 
beginning of the Pleiocene period, it is important to notice 
that the last great elevation of the Alps and the Pyrenees 
was simultaneous with the depression of the north of 
Germany and of Britain, by which the course of the Rhine 
was reversed, and the crag-sea of the Pleiocene extended 
over Norfolk, Suffolk, and into Belgium, as well as with the 
shifting of the volcanic foci from the British Isles to other 
regions. That this period of movement in the crust of the 
earth should coincide with the shifting of the centres of 
volcanic disturbance, is consistent with the views which are 
held by Mr. Mallet. 

Gradation op Permian into Carboniferous Strata, 

Among the more important papers relating to the 
Carboniferous period, that of Dr. Dawson f on the upper 
coal formation of Eastern Nova Scotia and Prince Edward's 

♦ Quart. Geol. Joum. xxx, 81. 
t Quart. Geol. Journ. xxx. 209. 
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Island deserves especial notice. In it he shows that in 
those districts the upper Carboniferous rocks graduate into 
the Permian series in such a manner as to render an accurate 
division between them impossible. He accordingly groups 
them as Permo-Carboniferous. In holding this view^ he 
strengthens the position advanced by Mr. Binney, that the 
Permian strata are to be looked upon as a mere upper division 
of the Carboniferous series, to which they are closely united, 
not only in the forms of marine life which they contain, 
the fishes and the moUusca, but in the land-flora, which is 
composed mainly of degraded and dwarfed representatives 
of the true Carboniferous type. It seems to me that the 
Carboniferous foimation is related to the Permian in the 
same way as it is to the Devonian. The Carboniferous fauna 
and flora began to live in the last of these periods, and, after 
reaching their prime, ultimately became extinct in the 
Permian. 

The Definition of the Glacial Period. 

The last point which is left to me to notice is the result 
of the many essays which has been written during the last 
twelve months on Glacial phenomena. The researches 
of Campbell, Jamieson, Ward, Mackintosh, Geikie, and 
others, have proved that the ice sheets descended from 
centres of dispersal which are now the mountains and 
higher grounds of Europe. The speculation that a large 
portion of the northern hemisphere was covered by an ice 
cap which was developed in the north and extended uninter- 
ruptedly to our latitudes, seems to me to be unsupported by 
evidence; and the classification of the Glacial Deposits, 
proposed by Mr. James Goikie [Ice Age, 1873], into more 
than the old three divisions, however useful it may be in 
restricted areas in Scotland, does not apply to those of 
England. Taking a general view, three divisions of the 
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Glacial phenomena are only to be recognised over Europe 

in the present state of our knowledge — ^first, those of the age 

of severe cold, or of the ice-sheet, or the era of the lower 

1)oulder clay ; secondly, those of the interglacial temperate 

age, marked in Lancashire by the shingle of the " Middle 

Drift," and in Switzerland by the interglacial forest of 

Diimtend ; and lastly, those of the age of glaciers, when the 

cold was severe, but not so severe as in the first age. 

This last has left its mark in the upper boulder clay and the 

local moraines, and scratches running parallel into the 

courses of the present valleys in this district. The number 

three, in spite of its occurring so often in Geological 

classification as to cause us to be suspicious, is nevertheless 

true in this particular case. And it is very probable that 

the Arctic mammalia, the reindeer, and musk sheep, and 

the like, were living in southern France during the time of 

the minimum temperature marked by the ice-sheet in 

northern Britain, and that, as the cold increased, they 

retreated southwards before it in the preglacial age. If 

this view be held, it is by no means unlikely that man dwelt 

in Auvergne before the glacial period had set in in its full 

intensity in this coimtry; in other words, that, like the 

other Arctic animals, he was driven to the south by the 

severe cold. 

In the discussion of the glacial phenomena, it is 
important to bear in mind that "the glacial period" is a 
mere episode in the Pleistocene life-period, and that it is 
not a term of equal value with Eocene, Meiocene, Pleiocene, 
and the other divisions of the Tertiary series. It delates 
only to the climate of the Pleistocene, and ought not to be 
used in any other sense in geological classification. In the 
same manner the Meiocene and Permian " glacial periods " 
Inerely relate to certain parts of the Meiocene and Permian 
strata, where the cold, from high elevation or other causes. 
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was severe enough to produce ice action. They relate solely, 
to local phenomena of temperature. If wo use a low 
temperature as a means of classification, why should we not 
equally use a high one, and have not merely glacial, but 
tropical periods ? No geologist would venture to substitute 
the latter term for a life-period such, say, as the Eocene. 

My task is now ended. The past year has been fruitful 
not merely in the invention of new theories, but in the 
discovery of new facts, which come home to every practical 
geologist. In the coming session may we not expect 
similar fruits? And is it too much to hope that our 
Society will not be backward in adding to the general store 
of facts, from which are distilled from time to time those 
truths that are an heritage to men and a joy for ever ? 



Mr. John Knowt^es : I beg to propose the thanks of the 
meeting to the President, for the most interesting and 
scientific address with which he has favoured us. It 
contains allusions to several topics of great importance in 
the present day, but which it is not usual to discuss on 
this occasion ; they are, however, well worthy of careful 
consideration by the proprietors of coal mines and Geologists. 

Mr. John Aitken said he seconded the resolution with, 
much pleasure, and he felt bound to congratulate the 
members of the Society upon having as their President a 
gentleman who has made himself a name — ^he might say 
even, is renowned — in Europe and America for his researches 
and discoveries in Quaternary Geology. He must also 
congratulate the meeting in having had the pleasure of 
listening to an address so important and instructive. It 
would be out of place, and he believed.it was not customary 
in their Society, to discuss the points touched upon in an 
inaugural address, but he must claim their indulgence if he 
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transgressed a little to make a brief reference to one point 
raised by Professor Dawkins — namely, that which related 
to the inter-glacial periods, which have been recently 
brought into great prominence by 3Ir. James Geikie in 
his recent work, "The Great Ice Age." The author of 
that certainly interesting work, has made the discussion of 
this point one of the leading subjects in his book, and there 
can be few who study the subject but will admit that it is a 
point of some importance, and almost compels an earnest 
attention. He would liave been glad if, in his address. 
Professor Dawkins had given them the benefit of his 
opinions, which, they would all admit, would be of 
considerable value in the present aspect of the question. 

The vote of thanks was then uuanimouslv carried. 

The President said he had upon the table a new model, 
showing the geology of the Weald, made by Mr Topley, at 
the sides of which, it would be seen, the palaoozoic rocks 
were put in about the place they are thought to be. He 
supposed in a short time they would find out whether it was 
really accurate ; but the model afforded a very good idea of 
the opinion of the leading Geologists — Professor Prestwich 
and others — as to the precise position of these palaeozoic beds. 
The specimens on the table illustrated different stages in 
the Weald boring by cores taken from depths of t)00 to 
700 or 800 feet ; thov showed the efTect of the enormous 
pressure of the superincimibent rock in altering the texture 
of the Kimmeridge and Oxford clay. These hard, stone-like 
cores which he exhibited, were nothing but Kimmeridge, 
or Oxford clays, greatly pressed, which, if they were 
subjected to the action of the weather for a short time, 
would crumble to pieces. lie had also specimens of gypsum, 
met with in the boring. A large deposit of gypsiun was 
found not less than thirtv feet thick, and it M'as of tolerable 
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coximercial value — at all events, of sufficient value to have 
caused a Company to be formed for the purpose of working 
it. That was only one of the beds which they happened to 
work through. The President briefly explained the system 
of ditunond boring pursued in the operations in the great 
Weald exploration. 

Mr. Clifford Smith : How deep below the surface is the 
bed of gj'psum you have described ? 

The President : I think about 200 feet, at all events not 
more than that — ^probably from 180 to 200. It is a very 
singular thing that the Prussians should have stolen such 
a march upon us as to have bored to a depth of 4040 feet. 
I do not know what their object is, but they have been boring 
through the saliferous marls. It is rather hard that the 
English — great miners, as we are considered — should be 
"cut out" by the Prussians in this way. 

Mr. AiTKEN asked if any record had been obtained of 
the temperature at the depth mentioned in the Prussian 
borings? 

The President : I am not aware that anv observations 
of the temperature of the strata were observed ; in fact, I 
have no knowledge bej'ond the record of the actual depth 
of the borings. 

The meeting then adjourned. 



At the Ordinary Meeting, held on Tuesday, December 
23rd, 1874. 

John Knowles, Esq., ex-President, in the Chair. 

Tlic name of Arthur W. Waters, Esq., F.G.S., Woodbrook, 
Alderky Edge, was submitted to the meeting, and he was 
•elected, a^ au ordinarv member of the Societv. 
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Donations to the Librarj^ : — 

It was announced that Professor Dawkiiis, President, had 
presented a copy of his recently piiblislied work, " Cave 
Hunting;" that Mr. J. Plant had presented u copy of 
Professor Aifsted's " Geology of Chamwood Forest," folio, 
illustrated with Photographs by Mr. Plant ; that Mr. J. 
Dickinson had presented a copy of his engraved " General 
Sections of the Lancashire and Cheshire Coal Measxires," 
issued in 1858. 

It was reported to the meeting that the Council had 
selected a number of valuable and useful works on Coal 
Mining, Geology, and Coal-measures Palteontology, for 
purchase^ to add to the Librar}\ 



FISH REMAINS FROM THE COAL MEASURES. 



Mr. John Aitkex, F.G.S., exhibited two specimens of 
fish and several teeth, principally from the Ijancashire Coal 
Measures, and described the specimens as follows : — 

Nos. 1 and 2 are two specimens of a new and undescribed 
Ganoid fish of the genus Pf/gopterm, which I recently 
discovered in a slab of shale from over the Arley mine of 
coal at Copy coal pit, in the Cliviger Valley, near Burnley. 
The slabs exhibit the fish laid on its side, with the exception 
of the head, which presents the upper surface to view. 
Both sides of the fish are exhibited, showing the form of the 
head, tail, and fins with marked distinctness. The head is 
long and comparatively narrow, and ornamented by the 
presence of well marked, long, waving ridges, which traverse 
it throughout its entire length. Tlie scales are rhomboidal 
in shape, about one-eighth of an inch in length across their 
longest axis, and are highly sculptured, Laving about six 
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or eight distinct waving ridges and furrows crossing 
them almost parallel with their sides, and in a line 
with the body of the fish. The tail and fins are also 
well shown, the former being well defined and very large in 
proportion to the size of the fish, measuring •across from 
point to point 2j inches; whilst the total length of the 
specimen only reaches 5 J inches, and the breadth of the 
body at its widest part one inch. The head is bent round 
so as to bring the snout to w^ithin about three-quarters of 
an inch from the lower lobe of the tail. 

No. 2 is a tooth of Rhizodm Hibherti (Ag.), from the 
Blackband ironstone, Denhead, Fifeshirc. The bed from 
whence this tooth was procured is situated low down in the 
carboniferous limestone scries of Scotland. Teeth of this 
genus have not as yet been found in the true Coal Measures 
of England, and it is a moot point with ichthyologists 
whether their origin shoidd be referred to fish or to some 
reptile of the Lahyrinthodonty or other closely allied order, 
The specimen exhibited is in a good state of preservation, 
but small, being only two inches in length, whilst some 
teeth of this genus are known to reach fully six inches or 
more in length. 

No. 4 is a rare palatal iooth named, Psejj/iodus magnm, 
from the Arley mine of the Middle Coal Measures, Burnley. 
Its form is that of a truncated or obtuse cone, ha\ang both 
ends roimdod, 11-lGth of an inch in length, and 9-16th of 
an inch wide at its broadest part, and a quarter of an inch 
at its narrowest end. It is semi-cylindrical in shape, having 
its upper surface roimded in a line with its greatest length, 
the entire surface being covered with a profusion of very 
fine punctations. This tooth is exceedingly rare in the Coal 
Measures, but is said to be a moderately common form in 
the carboniferous limestone of Armagh, in Ireland. 
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Nos. 5 and 6 are two fine examples of Pctaiodus, obtained 
from the upper foot coal of the Lower Coal Measures, Oldham 
— ^for which I am indebted to the kindness of Mr. George 
Dearden, Ganes Bar, near that town. These teeth are the 
only two of this genus, derived from the Coal Measures, 
which have come under my observation (if, indeed, they 
are not the only ones yet found), although they are by no 
means rare in the carboniferous limestones of Ireland and 
Yorkshire. In confirmation of this, I may state state, that 
on these specimens being recently submitted to the Earl of 
Ennisldllen, that astute and accomplished observer remarked 
that he had never previously met with teeth of this genus 
from the Coal Measures. The specimens measure one inch 
across the widest part, three-quaii;ers of an inch in length, 
and half an inch across the base. They are convex on one 
side and flat on the other, and one of them shows traces of 
rather indistinct punctations on the upper or convex surface. 

Nos. 7 and 8 are also two palatal teeth from the Lower Coal 
Measures of Oldham. No. 7 is doubtfully referred to the 
genus Hclodiis ; its shape, however, is not that usually 
characterising teeth of this class. No. 8 is an undetermined 
palatal tooth of so unusual a form, that I have not ventured 
to offer an opinion as to the genus to which it should be 
referred. 

Nos. 9 and 10 are two palatal teeth from the same locality 
and horizon as Nos. 5 and 6, described above, and probably 
belong to the genus Helodus ; the form of which, however, 
is 80 different from that usually assumed by teeth of this 
genus, as to render this deteimination somewhat doubtful. 

Mr. Plant said that one of the fine specimens of Petalodus 
which was now exhibited had been sho^vn to him in 1865, 
when he made a drawing of it, and recognised it as a new 
species. He believed the genus Petalodus was included in 
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the list of Coal Measure fossQs found in the Xorth StaflFord- 
shire Coal Measures, whieh the late Mr. Salter compiled for 
the Memoir by the Geological Survey. 

Mr. Alderman Wilkinson moved a vote of thanks to Mr. 
Aitkeiiy which was seconded by Mr. Dickinson, and carried. 



GEOLOGY OF THE PARISH OF HALIFAX. 



A communication from Mr. James Spencer was then 
read, entitled " The Third Part of the Description of the 
Millstone Grit Series of the Parish of Halifax, Yorkshire." 

Since the publication of my first Paper on the Millstone 
Grit Rocks, fresh information has been obtained concerning 
the character and details of the Second and Third Grit 
series. It was impossible to realize, judging from mere 
external appearances, what a rich vein of geologic lore lay 
hermetically sealed in those strata. 

The sinking of the shafts and the driving of the tunnel 
imder TVadsworth Moor, for the '\i\''ater TVorks, furnished me 
with much new infoimation in connection with them. And 
the finding of rich beds of fossils has enabled mo to Knk 
together many of the strata which before stood isolated. 
The bed of marine fossil shells, in one of the puddle 
dykes of the Castle Can* reservoirs, for instance, is now 
satisfactorily accounted for, and those strata proved to be in 
the shale upon the Third Grit series. 

The fossiliferous bed met with during the construction of 
the tunnel between Sowerby Bridge and Luddenden Foot 
may be rc^fcrred to the same series. Thus it often happens 
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in original scientific researches that the observation and 
careful study of new facts subsequently obtained load to the 
solying of many problems and the correction of pre\'ious 
errors. 

By the aid of these and other discoveries, all the strata 
which lie between the rough rock and the pebbly or Kinder 
Scout Grit can now be systematically arranged. These 
Second and Third Grit series, consisting of six different beds 
of grit and flagrock, separated by beds of shale, are now 
considered, geologically speaking, to be by far the most 
important members of the Millstone Grit rocks. Their 
great variety and extent, comprising sandstones both pebbly 
and fine grained, flagrocks, slates, compact grits, gannister- 
rock and seat-earths, coal-seams, together with cotd-plants in 
the sandstones and shales, and also beds of shale, in a few 
localities containing marine remains in great abimdance and 
in a good state of preservation. 

In my division of the Grit Rocks, in the paper already 
referred to, I had mainly to rely upon lithological characters, 
but few strata bearing fossils having then been found. But 
now the case is different, I am acquainted with five or six 
different beds of marine fossil shells, three of them con- 
taining also fish remains. There are also two distinct beds 
with arenicolite markings— one in the middle of the second 
grit series and the other mider the third grit, the markings 
in the upper bed being quite distinct from those in the 
lower. 

In my second paper, " Additional Notes on the Millstone 
Grit Rocks of the Parish of Halifax,'* after showing that 
the Second Grit of the Geological Survey was merely the 
basement bed of the rough rock, I gave reasons for my 
opinion that the AVhite Grit of Mixenden and Warley Moor 
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is the true Second Grit. And I endeavoured, on palaDontological 
evidences, to separate it from the rocks below. But acting 
* uf)on a hint from my friend Mr. John Aitken, F.G.S., — ^that 
since these Grit rocks and the Yoredale strata below may be 
regarded as passage beds between the Moimtain limestone 
and the Coal Measures, and seeing that most of the species 
of shells pass through them into the Coal Measures, and 
consequently, that fossils can afford no certain guide in the 
di^^sion of these Grit rocks. — I have now grouped together 
the Mixenden Grit and the four Grits below, which appear 
to form a natui^al lithological group, as they are placed in 
the sections at pages 206 and 208. 

The Third Grit, as I before described, is the massive grit 
which forms such a conspicuous landmark along the middle 
of the eastern side of Calder Dale, from Pecket Well to 
Midgley. Hathershelf Scout, opposite Mytholmroyd Station, 
is also foimed of this rock. It ranges throughout the 
whole of Luddenden Dale from Luddenden Foot, by Booth, 
to Castle Carr. It also forms a noticeable rock in Crag Dale 
and in the Ryboume A'aUey from Sowerby Bridge to above 
Ripponden. Throughout the whole of its course, it is 
characterised by having one or two thin seams of coal 
associated with it. The Geologists of the Geological Survey 
appear to have been greatly puzzled with this rock. They 
called it a Third grit in some places, and a Fourth grit in 
others, and make it jump about in the Survey Map most 
imaccountably, by means of those ubiquitous white lines, 
denoting faults. This Third grit is one of their Third grit 
series from Pecket Well to Midgley, there they make it take 
a clean jump out of existence and it is seen no more, but 
its place is supplied by the Fourth grit, from Luddenden 
Foot up to Booth and thence up as far as the Lodge at the 
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entrance to Castle Carr. I believe I liave obtained clear 
evidence to prove that their supposed Fourth grit of 
Luddenden is really the Third grit in the natural and 
proper sequence of these Millstone Grit rocks. 

In my first Paper I estimated the thicknesses of the four 
Grit rocks to be as follows : — 



•••• •••• 



•••• •••• •• 



1. Rough Rock 

Shales 

2. Grey Grit. . 

Shales 

3. Gannister Rock 

Blue Shales . 

4. Pebbly Grit 



• • • • 



Feflt. ^ 
100 

300 
80 
350 to 400 



• ••• •••• 



• • • • • • • 



100 
450 
120 

1550 



North-east 
> of the 
Calder. 



The present arrangement as given below, slightly difiers 
from the above, but this diflference arises from grouping 
them differently, and from taking into account their in- 
creasing in thickness from south-east to north-west. 

Feet. Feet. 

1. Rough Rock and Flagrock 130 to 150 ^ 
Brown and Black Shales. 150 „ 250 

2. Grit Series 550 „ 600 



3. 
4. 



>> 



ft 



. • • • 



• • • • 



•••••• 



North-east 
300 „ 450 > of the 
250 „ 300 Calder. 



1380 „ 1750 



The following more detailed description will illustrate the 
character of the several di\'isions : — 
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The Second Grit. Feet 

Ist. Warley Moor and Mixenden Grit . . . . 40 

Brown Shales 80 

2nd. Soft Sandstone 20 

Shale 30 

3rd. Thick-bedded Grit 60 

Shales 50 

4th. Vermiculite Beds 30 

Shales 40 



5th. Deep Clough Rock ' 

Shales 

Deep Clough Eock 



60 
20 
20 



Grey Shales 120 



Total thickness 660 



The Third Grit. 

Ist. Thick-bedded Pebbly Grit, with coal seams 80 

Shale 50 

2nd. Booth Stone, with Arenicolites 60 

Shales 150 



340 



The Fourth Grit. 

1st. Pebbly Grit of Pecket Well 50 

Slates and Shales 50 

2nd. Pebbly Grit of Crinisworth Dean 150 



250 



Having, when collecting materials for my papers on the 
" Millstone Grit Rocks," become well acquainted with the 
outcrops of the strata around AVadsworth Moor, I from the 
first took great interest in the operations carried on in the 
making of the timnel through that hill. I made a section 
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of the various rocks, which I considered likely to be met 
with, in sinking the shafts and driving the tunnel. I paid 
numeroas Adsits to the works, with the object of comparing 
the actual results, with my theoretical section. And it was 
with much satisfaction that I found them to agree in the 
main characters and thicknesses of the beds. But many 
new facts were [also brought to Ught, which have been of 
great service, in aiding me in tracing the succession of the 
same strata in Luddenden Dale, and to correlate them with 
the same series in Calder Dale and in the Ryboume valley. 

The Second Grit series is well exhibited along the upper 
part of the eastern side of Luddenden Dale, where it may be 
seen an4 examined in the natural sections fonned by the 
doughs leading up to the moor, the best exposure of the 
rocks being in Cat-i'th'-Well Clough. 

The Third Grit occupies a great extent of Luddenden Dale, 
Calder Dale, and the valleys and moorlands south-west of the 
Calder. 

VERTICAL SECTION, 

Snowiyo THE Mellstone GRrr Eocks, 1700 Feet Thick — in 

Descexdixg Okdeb — FEOM THE Base of the Lowek Co.vl 

Measubes to the Top op the Yored.vle Rocks. 



The Fibst or Upper Grit 
Series, containing the 
Rough Rock and Flag ^ 
Rock — total thickness, 
350 feet 



( Rough Rock. 
Blue Shale, 
Flag Rock, 
Shales (thick), 
FosBiliferouB Shale, 
Shales (thick). 
Coal Seam (6 inches), 
Seat Clay, 
Shale. 
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The Second Geit Sektes, 



containing the Flag ]^ck ArenicoUte Beds, 



Gold Edge and Mixcnden Hock, 

Shales (thick), 

Fossil iferotts ShaU {thin), 

Shale, 

Soft Sandstone, 

Shale, 

Rough Grit and Flagstone, 

Shale or Bind, 



group — total thickness, 
550 to 600 feet 



Bind, 

Deep Clough and Midgeley Moor 

Flag Rock, 
Bind, 

Flag Rock, 
Bind, 

Fossiliferous Shale, 
Bind, 
Coal Seam (thin). 



The Thikd Grit Series, 
containing Coal Seams 
and Fossiliferous Shales 
— ^total thickness, 300 to 
450 feet 



' Rough Grit, 

Coal Seam (thin). 

Grit (thin). 

Coal Seam (thin), 

Bind, 

Booth'Stone, Arenicolite Beds, 
\ Bind, 

Black Shale, ^. 

Fossiliferom Shale, 

Cone-in-Cone Clay, 

Bind, 

White Rock, 

Fossiliferous Shale, j 



y Thin Beds. 



The Foueth Gkit Sebies, 
containing the Kinder- 
scout Grit — 250 to 300 
feet, total thickness .... 
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Packet- Well Rock, top bed of Fonrth 

Grit, 
Bind, 
Kinder-scout Grit or Pebbly Grit, 

base of tho Millstone Grit Series. 



The Yoredale Shales and) „ . -^ t> -^ ah 

I Seen in Horse Bridge Clough. 



The Mountain Limestone . . Not found in the district. 



Wadsworth Moor Tunnel (Lithographed Section No. 1.) 

This Tunnel was made by the Halifax Corporation, for the 
purpose of connecting the new Reservoirs at Widdop with 
the Castle Carr conduit. The length of the Tunnel is about 
2550 yards, and it lies at an elevation of 850 feet above the 
sea level, the highest part of the Moor above it, having 
an elevation of 1350 feet. There were three shafts sunk 
from the Moor to the Tunnel. The deepest, No. 2, being 
476 feet in depth. No. 1, on the Castle Carr or easterly 
side, being 400 feet deep, and No. 3., near Pecket Well, 
having a depth of 384 feet. Tho course of the Tunnel is 
nearly due east and west, beginning at the western end in 
a clough, just below the Inn at Pecket TVell, and emerging 
at the eastern end in another deep clough just below Castle 
Carr. 

Out of 900 feet of strata composing the second and third 
Grit series, no less than 565 feet were gone through in the 
shafts and west end of the Tunnel. The following is the 
section of the rocks cut through in the central or deepest 
shaft — 



210 





1. 


Peat or Moss . 


Feot. in. 

. 4 6 


2. 


Sandstone . . . 


. 48 


ti. 


Blue Bind. . 


. 81 


4. 


Seat Earth. , . 


. 3 


5. 


Grit and Flags . 


. 57 


C. 


Blue Bind 


. GO 


ighly charged with foesils GoniatiUt 
Ariculo-pedfti, d'C. 


^7. 
8. 


Black Shale . 
Blue Bind. , 


. 20 
. 50 


9. 


Seat Earth 


. C 


10. 


Sandstone . . 


. 42 9 


11. 


Coal 


2 


12. 


Seat Earth. . . 


. 3 


13. 


Blue Grit . . . 


. 28 


] 


L4. 


Rock Bind 


. 73 



476 6 



In consequence of the strata dipping eastwards, 
strata were penetrated in the most westerly or No. 

To the bottom of No. 2 shaft as already stated 
No. 3 shaft (below the above) Rockbind . . 

Bkck Shale 

Fossiliferous Blue Shale 

Goniatitcs and Fish remains (*) Clay Ironstone 

Cone in cone 

Gannister Seat Earth 

Bottom of Shaft Bind 

Lower Strata on each side of the shaft, White 

Grit Rock 

Goniatites AvicHlo-pecten (f) Blue Shale . , 



still lover 


3 shaft. 


Feet 


im. 


476 


5 


35 





20 













4 





2 


4 


6 


6 





4 





12 






565 5 



(♦) This is tho stnitum wliich yielded the interesting suite of Fish 
remains, desoiibod by Mr. John Aitkcn, F.Q.S., in Vol. XIII., Part III., 
page 36, of this Society's transiictioiis. 

(t) This Shftlo r<\'sts immediiikiy upon the upp»T bed of the Fourth Grit, 
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The Strata met with in the Shafts. 

There was nothing very remarkable met with in No. 1 
and No. 2 shafts, beyond what was seen in No. 3, the strata 
being pretty regular in the hill. A strong sandstone about 
50 feet thick, and a bed of grey bind 81 feet in thickness 
were sunk through in each of them. These two beds were 
remarkably regular with a dip of about 3"* to the east. 
There were also two other sandstones met with, but 
as these and their associated strata were also sunk through 
in No. 3 shaft, in order to avoid repetition I will confine my 
remarks to a description of the results therein obtained. 

In sinking No. 3 shaft a bed of rock about 44 feet thick 
was passed through, then a bed of grey bind about 140 feet 
thick, in the middle of which there was a bed of shale about 
30 feet thick. This black shale jHielded a wonderful profu- 
sion and variety of foasil shells, there was a layer of about 
3 or 4 feet in thickness which was literally full of Aviculo- 
pecten, Modiola and Posidonomya and flattened Goniatites, In 
this stratum there were also several layers of nodular concre- 
tions of iron-clay, which pelded the same species of fossils 
as the pectin shale, but in a more perfect state of preser- 
vation. I obtained about a score of species, such as Goniatite, 
Nautilus, Ort/ioceras, Modiola, Posidanomya, and Aviculo- 
pecten, some of the nodules being one mass of shells, a 
single one in some instances yielding hundreds of these 
shells, but generally small specimens. The second bed of 
sandstone met with was the Third Grit rock. It was of a 
very strong, massive character, full of pebbles. In the 
middle of it there was a band of coal of about two inches 
in thickness, having underneath it the usual bed of seat- 
earth. Below this grit, 108 feet of rock-bind was passed 
through, then a bed of shale 27 feet in thickness, and at the 
bottom of the shaft a bed of verv hard mottled rock or 
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gannister was encountered, which was very full of portions 
of Stif/maria, and blackened with rootlets, but no coal was 
found upon it. 

I had watched the progress of this shaft with great 
interest, and had paid frequent visits to it, when through 
enforced absence I was prevented from visiting the spot for 
several months — a circumstance which doubtless led to my 
not finding some of those beautiful specimens of fish, 
described bv Mr. Aitken. 

The Strata of the Tunnel. 

At the west end of the tunnel the miners began to mine 
in a bed of shale just imder the top bed of the Fourth Grit 
rock. But from tlie dip of the strata they soon had to face 
this massive rock, which had to be cut through. I had 
calculated that the tunnel would run in this rock to within 
a short distance of No. 3 shaft, but owing to the rock 
dipping very rapidly, they passed through it about half way 
between the entrance and the shaft. They then came upon 
a bed of dark blue shale about 12 feet in thickness, which 
contained a great quantity of marine shells, such as 
Goniatites, Aricah-pectot, &c. It lay directly on the 
fourth Grit. I went into the tunnel and examined this 
layer of shale in sifii. The dip, which had been very rapid 
from the entrance to within a short distance of the shale, 
gradually flattened out, imtil at length it was nearly 
horizontal, and the timnel was carried through it for a 
considerable distance, the strata evidently lying in a shallow 
trough. 

In approaching No. 3 shaft, the strata began to rise 
gradually and continued to do so until about midway between 
No. 3 and No. 2 shafts, where they dipped rapidly again 
eastward, from this point to a little beyond No. 1 shaft, the 
dip was very regular, being about one yard in eighteen. 
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It will be seen by referring to the section, that in 
consequence of the occurrence of these depressions in the 
rocks, the bed of fossilifcrous shale was cut through for a 
considerable distance on each side of No. 3 shaft, consequently 
the greater portion of the shale excavated was brought to 
the surface by means of that shaft, and it was there where 
the fossil-fish remains previously referred to were found. A 
small portion was however brought up at No. 2 shaft, and a 
little also found its way to the west end of the tunnel. 

The gannister rock in this shale was unusually full of 
8ti{imana, which were well preserved and the piths intact, in 
the centres of the stems. The rootlets radiating from them 
quite blackened the rock. There was every appearance of 
this being a true seat- earth, and yet no coal was foimd 
resting upon it. There were evidences that a bed of coal 
had been originally formed there, and that before the shale 
which now rest upon that rock was deposited the coal had 
been denuded away. There are many instances of this sort 
met with in the Grit rocks. In making these shafts, several 
beds of gannister and seat-earth were passed through, but no 
coal, except the thin seam in the middle of the Third 
Grit, was met with. 

The gannister rock of Mount Skip above Wadsworth, 
with its two seams of coal, appears to be about the same 
horizon as this coal. 

This rock appears to thicken out towards the south-west 
and to form an independent rock in Calderdale and in the 
Ryboume valley, the two seams of coal being continuous 
with it. 

In all these shafts a bed of seat-earth was foimd resting 
upon the top of the Third Grit, but without any coal upon it. 
But at Midglcy, and in various other places in Calder Dale 
and in Luddenden Dale a bed of coal of from 2 inches to 10 
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inclies in thickness occurs upon it. In some places there are 
two seams separated by beds of shale and rag. 

A little bevond No. 1 shaft a fault crosses the tunnel in a 
south-east and north-west direction, which uplifts the Third 
Grrit about 100 feet to the north-east. The strata about here 
for a considerable distance being broken up into fragments. 
From this place a quantity of Breccia, composed of small 
angular fragments of Grit embedded in a matrix of red and 
grey sandy shale was brought out, the whole forming a 
compact mass, how this Breccia was formed, whether by 
the breaking up and subsequent consolidation of the rocks, 
bv the same action which caused the fault, or whether it was 
formed when the beds themselves were being deposited, is 
difficult to determine. But from the fact of not much of it 
being met with and from its reddish colour, it appears very 
probable that it was formed in a line of fracture, and 
consolidated bv the infiltration of the oxide of iron and 
lime. Another fact which appears to me to support this 
suggestion is, that numerous veins of ilairasite (white iron 
pyrites) were met with. This mineral seems to have been 
chiefly formed about the joints of the rocks. Small particles 
of Galena also occurred along with the Marcasitc. 

Nearer the east end of the tunnel, a thin vein of lead ore 
was met with in a narrow fissure in the rocks, and a little 
further on some of the rock-bind contained a larger percentage 
of lime than is usually foimd in the Grit rocks, which at the 
time, led to an impression that the Mountain Limestone had 
been reached. The difference between the Millstone Grits, 
and the Coal-Measures appears to me to be, that the former 
contain a larger per centage of lime and arenaceous matters, 
while the coal- strata contain a greater abundance of carbon- 
aceous and ariifillaceous matter. The shales and bindbi'ought 
out of tlic tunnel, and the sliafts contained an abundance of 
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fragments of vegetable matter, being in some places quite 
blackened by it. I regard it as an evidence, that during the 
period when the grit rocks were forming the contiguous 
lands were covered by a luxuriant vegetation, and their 
decaying remains were carrietl with the floods into the 
shallow seas. 

The Geology of Luddenden Dale. 

In this beautifid dale, I have sj^ent many of my leisure 
hours during the past summer, in thoroughly working out 
the order and connections of the various bods of grit and 
shale and in investigating their fossil contents. Nowhere 
else in all this extensive district of Grit rocks can there be 
seen in so small an area, a greater thickness and variety of 
rocks than are exposed along the eastern side of this valley. 
From Sentry hill down to Wade Wood bridge, all the grits 
and shales from the rough rock down to the Fourth Grit, or 
about 1400 feet of strata, maybe seen exposed and can be prac- 
tically examined. The lowest rock exposed being the upper 
bed of the Fourth Grit, which first makes its appearance in the 
beck at the bottom of Wade Wood. It rises gradually to 
the north up to the Spa Well, from whence it gradually falls 
and finally disappears under the overlying shales at Low 
Bridge, thus forming a gentle anticlinal axis. 

The most conspicuous rock in the valley is the Thii'd Grit 
rock, which extends from Luddenden Foot through 
Luddenden up to Booth. Before reaching this place it 
leaves the bed of the brook, and gradually rising encom- 
passes the valley in a well defined belt, which following the 
sinuosities of the valley finally disappears above Castle 
Carr imder the overlying strata. Lying between this rock 
and the Fourth Grit there are about 200 feet of rock-bind 
and shales. 

Below the Third Grit at Booth, there is a peculiar thin- 
bedded grey rock, which is quarried for rough slating and 
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other building purposes. Some of the beds of Grit make 
very good grindstones. This rock is remarkable on account 
of the occurrence in it of numerous small trails of Areni- 
collteSy some of the beds being quite covered with them. 
But there is also a peculiarity about some portions of this 
rock which is very characteristic. Many of the lower beds' 
contain a small amount of lime with a larger percentage of 
iron, and arc also divided by nmncrous joints into oblong 
blocks, which when split up into flags display around a 
centre of blue a scries of red rings, which extend to the 
the outer margins of the stones. 

The faces of the quarry at Booth presents quite a mural 
aspect, the ends of the blocks being moulded in a curious 
manner, and appear as if they had been wrought by a 
mason. Some of the beds yield an abundance of the 
coumion fossil plants — Stigfnaria, Sigillaria, Lepidodendra, 
Calnnu'tes, 8fc, This rock and the shales below occupy the 
lower part of the valley from Booth to Castle Carr. 

Above the Third Grit there are from 80 to 120 feet of shale 
and rock-bind, which are covered by another very important 
rock, which forms a second ridge all roimd the valley. It 
consists of a series of beds of grit and flags, and it is 
wrought in various places, both in this valley and in Calder 
Dale, for flags and building stone. 

Tlie average thickness of this rock is about 60 feet, but in 
some places there arc two bods of stone divided by a bed of 
blue shale, and the two together, with the intervening shale, 
give a thickness of about 100 feet. To this rock I have 
given the name of the *' Deep C'lough and Midgley Moor 
Flag-rock." In the Deep Clough Quarry, opposite Castle 
Carr, there is a bed of rag of about four feet in thick- 
ness, which is also very rich in fossil plants. 

Overlying the Deep Clough Stone there are about 50 feet 
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of shales, and resting upon them there occurs one of the 
most striking rocks in the Second Grit series. It is a thin- 
bedded, bluish grey grit of about 30 to 40 feet in thickness. 
The layers vary from the eighth of an inch to four or five 
inches. The thicker layers are wrought for grindstones, for 
which purpose they are well adapted. But their chief 
peculiarity consists in the vast abimdance of worm tracks or 
ArenwoUtea with which their surfaces are covered. This 
rock extends over a wide area. T have traced it from 
Cat-i'th*-Well Clough to Deep Clough, and from thence to 
Bare Clough, above Castle Carr, where those characteristic 
markings occur in great abundance. 

An excellent section is to be seen on the other side of the 
moor, in the Grindstone Quarry, near Dyke Nook, in Higher 
Oxenhope, of which the following is the order : — 

Foot. Inches. 

1. Gannister Rock, fidl of fossils . . . . 1 G 

2. Baggy Stone 8 

3. Flagstone 2 

4. Blue Grindstone \ u^ a - lu (40 

5 with Aremcohtcs \ 

5. Thin Plates . . I 20 



35 6 



There the stones, which lay scattered about the quarries in 
all directions, were so densely crowded by these worm tracks, 
that they resembled so many slabs covered with cmiiform 
inscriptions, but these liieroglypliics of nature, rehite to 
us a chapter of the world's history of tlie period when 
these beds were fonning as truthful, if not more so, as any 
related by the hieroglj^hics on the ancient monuments of 

Assvria. 

•■ 

They tell us that during the time these beds were forming, 
the waters at this place must have been in a quiescent state, 
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and that myriads of marine worms lived and died, genera- 
tion aft^r generation, on the very six)t where we now find 
their fossilized remains. 

These thin Grit beds are covered by a bed of shale, and 
upon that there occurs a thick-bedded grit of about 50 feet 
in thickness. Overlying this there is another bed of shale, 
which is crowned by a soft yellow sandstone, having a bed 
of gannister rock upon it, this rock, though not more than 
about 20 or 30 feet in thickness, appears to be eo-cxtensive 
with the thin Grit beds in this district. 

Resting upon this rock, there are from 80 to 100 feet of 
shales, having towards the bottom a bed of seat earth, with 
a thin seam of coal upon it. A little above the coal there is 
a thin layer of black shale, containing Gonia flies and Aviculo- 
2)cctcns, Upon these shales reposes the uppermost bed of 
the Second Grit series, which is the massive grey Grit of 
Cold Edge and Mixenden. 

The Millstone Grit rocks have been described as being 
deposited in a turbulent epoch. Some of the Grits may 
have been produced along the shores of rough and stormy 
seas, but by far the greater portion of them in this locality 
bear unmistakeable evidence of having been deposited in a 
quiet, regular, and uniform manner. So far from these rocks 
having been formed in the spasmodic manner related in 
some text books, if there is one fact, which stands more 
prominently forward than another, it is this, that judging 
from the hardness of materials which compose them, and 
the regularity which marks the beds of bind and shale, 
together vdih. the very fine grained character of many of 
the beds of Grit, they must have been even more slowly 
deposited than the later Coal-Measures themselves, which are 
generally acknowledged to have boon formed in a very slow 
manner.- Another fact which supports this idea is the great 
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number of seat earths and gannister beds which occur in 
ttem, indicating so many ancient land surfaces, and also 
tte many distinct beds of marine remains, as plainly 
indicating so many ancient sea bottoms. These facts appear 
to directly prove that these strata were fonned under 
conditions similar to the coal strata, namely, in an area that 
was sinking slowly beneath the waters, but oscillations of 
level occasionally took place, and the area was alternately 
land and sea over and over again. 

There is no evidence in this locality to show that these 
changes were brought about by sudden catastrophes, but 
on the contrary, all the strata tend to prove that they took 
place so gradually that none of the deposits were much 
affected by them. I regard these rocks, with the Yoredalc 
rocks, as forming a series of passage beds between the 
mountain limestone on the one hand and the Coal- Measures 
on the other, being connected by their faima to the former 
and by their flora to the latter. 

In conclusion, I trust that it has been satisfactorily 
demonstrated in the discription here given of the Millstone 
Grit Rocks, that they are by no means so devoid of interest 
as they have hitherto been supposed to be, and that the life 
of the period was much more varied and continuous than 
was formerly imagined. The great abundance of the plant 
remains diffused throughout the Grit rocks, proving that 
while the seas teemed with animal life, the contiguous lands 
were clothed with perennial verdure. 



A vote of thanks to Mr. Spencer was passed on the 
motion of Mr. Martix, seconded by Mr. Aitkkx. 

Mr. AiTKEN said : It affords mo pleasure to bear testi- 
mony to the truthfuhiess with which these rocks arc 
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described, and the great amount of labour which has been 
expended in working out the details of the Paper. Mr. 
Spencer is a most indefatigable worker, a close observer and 
an accurate recorder of whatever comes under his observa- 
tion. His time, for several years past, has been devoted to 
an examination of the various sections which the Millstone 
Grit rocks exhibit in the neighbourhood of Halifax ; and 
we have, in the three Papers read to this Society, the 
collective results of his labour. I have been over a consid- 
erable portion of this ground with Mr. Spencer, and am 
satisfied that the description he has given is in every 
respect worthy of confidence as an accurate description of 
the Geology of the district. There is one portion of the 
Paper to which I would refer for a moment, where Mr. 
Spencer describes the fault discovered in driving the tunnel 
through the Wadsworth Moor. In that fault he mentions 
the finding of a peculiar kind of Breccia, I have examined 
specimens of this Breccia, which are remarkable for con- 
taining angular pieces of Grit rock, — some of very consid- 
erable size — which seem to be set in a matrix of a reddish 
arenacous character, but forming one compact and concrete 
mass, as though it were the original constitution of the 
stone. The mode in which this could have been formed 
seems to be a difficulty with Mr. Sj)encer to understand, and 
I am equally at a loss to account for it. If wo consider 
that these stones were crushed up at the time when the 
faidt was formed, it seems difficult to accoimt for their 
having been cemented together again by the matrix, which 
does not contain a very large proportion of lime — although 
that mineral is present — nor is there iron present in 
sufficient quantity to have acted as a cement ; yet, the 
fragments of Grit have been formed into a solid mass in a 
very remarkable inimner. This is open to the observation 
of anv ffentleman who iiiav visit the localitv. 
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Mr. Spencer also mentions the occurrence of a large 

quantity of Marcasite, This is a crystallised sulpliuret of iron 

(white iron Pyrites) and is spread in a peculiar manner 

over the vertical surfaces of the stones in this fault in 

conjunction with Pcarhpar or Dolomite , which also covers 

the surfaces of the stones and presents a glistening aspect. 

Besides Marcasite we found crvstals of blende and traces 

of lead and other metals. I possess specimens of all these, 

from this particular locality, and some of them are most 

interesting and beautiful. Some time ago I sent specimens 

to the British Museum, where they are now exhibited. 

I think Mr. Spencer has fallen into one slight error. He 

describes these as occurring in veins. They do not occur in 

veins, but upon the vertical surfaces of the stones, in the 

neighbourhood of the fault, no doubt having been deposited 

there in the crystalline form during the irruption of steam or 

hot water from the interior of the earth, through this line of 

weakness. I have been greatly pleased with the Paper, and 

bhall be glad to see it printed, with the accompanying tunnel 

section in the Transactions of the Society. 

The Chairman : It would be certainly necssary to publish 
the two sections to illustrate the Paper. 

Mr. AiTKEX : It is valuable because made from actual 
measurements taken during the sinking of the shafts ; and 
I think great praise is due to Mr. Spencer for having 
devoted so much time, during the progress of the work, to 
verify every part for himself. The sections may be relied 
on, therefore, as accurate in all their details. 

Mr. Plant : I fully concur in all that Mr. Aitken has 
said about the thoroughness of the labour midergone by 
Mr. Spencer. It is the more valuable because the work is inde- 
pendent, and Mr. Spencer is an original worker in all respects. 
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He has not quotwl anything from authorities, nor, in fact, 
docs ho appear to be acquainted with the existing literature 
of the gofdogj' of the district in which he resides, and over 
which he has worked so zealously ; perhaps, had he been 
80, he would have seen reasons for not speaking so 
strongly against the conclusions arrived at by the geologists 
upon tlie Geological Survey. Ilis labour is so purely local 
that it cannot fail to be valuable, from the carefulness 
with which he has gone into the whole details; and I reganl 
his having plotted, so to speak, the horizons of these 
fosj<iliferou3 beds as an important addition to our knowledge 
of the structure of the Millstone Grit formation. But the 
Millstone Grit itself is one of the most difficult portions of 
the geology of the great Carboniferous formation. For 
years it seems to have been a matter of very gr^at diffi- 
cidtv with the Survev to define its broad boundaries. It 
has, however, been decided prettj' emphatically, by almost 
all the leading authorities, that the Kinderscout grit is the 
base of the true Millstone Grit series, and that the Rough 
rock, wherever it occurs, is the uppermost bed ; but between 
these two horizons lies a varying field, upon which then^ 
has been found no limit to the varieties of details according 
to tlie locality in which particular observers have been 
working. 

Now, Mr. Spencer has sjioken a little too slightingly of the 
labours of the gentlemen of the Geological Survey, in the 
district over which he has himself worked. It may be that 
he has seen with different eyes, and relegated several of 
these Grit-stone beds to positions which, to him, may appear 
to be more accurate and better defined than those laid down 
by the Geological Survey; but if he had had the wider 
experience of gentlemen like Mr. IIull, Mr. Green, Mr. 
Ward, and others connected with the Survey — ^who have 
had the advantage of tracking the Millstone Grits from their 
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<K)inmenceinent near Ashby-de-la-Zoucli in the south, up to 
their termination in the Scotch coal fields — ^he would have 
seen that there was no possibility of deciding and always 
harmonizing the true position of the intermediate beds. Mr. 
Hull confesses that this difficidty is so great in Derbyshire 
and South Yorkshire, that they have been obliged to make 
five divisional beds of Grit, whereas Mr. Spencer will allow 
only four. 

Besides, it has been laid down, as a convenient theory 
which has been to a great extent proved by observations, 
with regard to the Millstone Grit, that whilst up in the 
north it continues to thicken imtil it reaches the enormous 
depth of 2,800 feet, in the south it becomes almost wasted 
away, appearing in thin beds, which lose all their normal 
character, and are only to be detected as Millstone Grits by 
their positions between the Yoredale rocks below and the Coal 
Measures above, having lost ever}'^thing but their horizon in 
the Carboniferous system. vMr. Hull's division of these Mill- 
stone Grits in Stafibrdshire, Cheshire, Lancashire, and along 
the borders of the Pennine ridge, are not wholly in accordance 
with that of Mr. Spencer^ as exhibited in his vertical 
section, but there is no great reason to doubt that both are 
in their local aspects correct, regard being had to the fact 
that different localities are referred to, any general deduc- 
tions, such as Mr. Spencer has attempted, with regard to 
the constant position of any one of these Ghrits, have 
baffled higher and better authorities. 

Mr. Spencer must be unacquainted with the most 
important work which treats of the Geology bordering 
upon his own locality.* If he had been so, I dare 
Bay it would have facilitated much of his own detailed 



♦ Geology of North Derbyshire and Yorkshire, by Messrs. Green, 
Foster, & Dakyns. (Memoirs of Geo. Surrey.) 1869. 
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labour, and at least would have given him the reasons 
for the separation of the diflfercnt beds of Grit which 
the gentlemen of the Survey have seen proper to lay 
down. At the same time, we are verj'- much obliged to Mr. 
Spencer for having given us so many new details respecting 
a locality which, if not quite belonging to Lancashire, 
is only just over the Pennine ridge ; and, as Mr. Hull 
says, "the Geology of the south-western flank of the 
Pennine ridge and that of the north-eastern flank are very 
much the same in their broad features." It is only a 
question of detail as to how far the beds are bare, expanded^ 
or diminished, or changed from their normal aspect. 

Mr. AiTKEX : I think Mr. Plant misapprehends Mr. 
Spencer's division of the Grit rock, into four " beds." That 
division has reference simply to the No. 2 bed. If you 
take the whole series throughout you will find 13 beds 
described by Mr. Spencer. 

Mr. Plant : I was referring to the enlarged section where 
he makes four broad divisions — first, second, third and 
fourth grits. The Survey shows no fewer than five bread 
divisions of the same beds comprised between the Kinder- 
scout grit at the bottom, and the Rough rock at the top. 

Mr. AiTKEX : As far as I understand the division of the 
Geological Survey, they make only four beds : the Rough rock* 
the flag rock, the Xo. 3 rock, and the Kinderscout Grit. Mr. 
Spencer, on the contrary, takes the two first divisions of the 
Geological Sun-ey, joins them together, and calls them the 
first Grit. Then, he has five divisions in his second Grit^ 
three or four in the third, and two I think in the fourth ; so 
that he has the same divisions, but groups them differently 
from the Geological Survey. As far as I know the Survey do 
not accept five divisions by name, but only four; consc-. 
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quently there is no difference in that respect. I admit that 
the Geological Survey say, and properly so, that in some of 
their divisions, instead of there being one bed of Grit rock, 
there are two and sometimes three ; still they call it by one 
name — No. 2, or No. 3, as the case may be. 

Mr. Plant : I think we perfectly agree in that respecrt, 
that it is only the division of rocks which occur between the 
Rough rock and the Kinder-scout grit. The Surv^ey have 
thought proper to lay down five distinct broad beds, which, 
they say, are horizons, that mark the progressive formation 
of the Millstone Grit. Mr. Spencer claims not only that 
there are only four, but he also claims to have made an 
alteration in number 2, which, I think, dot^s not at all accord 
with the Survey's division. 



Specimens Exhibited. 

Ten fish remains of teeth from the Goal Measures, by 
Mr. John Aitken, F.G.S. 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 

Pakt Yin. Vol. XIII. Session 1874-6. 

At the Ordinary Meeting of the Society, held at the 
Booms of the Literary and Philosophical Society, on 
January 26th, 1875. 

Professor W. Boyd Dawkins, F.R.S., President, in the 
Chair. 

A list of Donations was read, of their current publica- 
tions, from the London Geological Society, the Liverpool 
Geological Society, the South Wales Institute of Engineers, 
the Manchester Philosophical Society, and the Dundee Free 
Library. 

The following gentlemen were elected ordinary members 
of the Society, Mr. Joseph Jackson, M.I.C.E.; Mr. Abraham 
Burrows, Bolton ; Mr. Ralph Fletcher, jun., Bolton. 



TERTIARY COALS. 

Mr. A. W. Waters, F.G.S., exhibited some specimens of 
Coals and Peats from the Alps and other places. He said, 
the specimens of Carbonised Peat he found in Northern 
Italy, imder rather pecuKar circumstances. The peat was 
on a mountain side— on a slope of twenty or thirty degrees — ^ 
covered by mouintain debrw, and very considerably carbon- 
ized ; but it was not so much changed as the lignites he 
exhibited from the older tertiarics (the Eocene and Me- 
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iocene) — and could not be older tlian the Pleiocene. Unfor- 
tunately, there was nothing to prove its date ; he could find 
neither fossils nor plants ; but it could not be older than 
the Pleiocene, because the elevation of that part had taken 
place since the Meioceue, and its state showed that it was not 
very recent. There must, of course, have been some break in 
the conditions, and it seemed to him extremely probable 
that this was an inter-glacial carbonised peat. It resembled 
in many respects the inter-glacial lignite from Switzerland, 
^ being quite soft and requiring to be dried before use. It 
would be well worth examining on the Alps, further, with 
a view to the discovery of plants, proving thiit in Italy 
there were further deposits of the inter-glacial lignite, 
under such conditions. Itxilian geologists considered some 
of the lignites there to be inter-glacial, but none had been 
clearly proved to be so. His object in introducing the 
matter was to induce any who might be in that quarter to 
make further investigations. He had also, on the table, 
specimens of Eocene and Meiocene Coal from the Alps and 
elsewhere. Some w^re from Bavaria and Switzerland. 
They were all very similar, and more resembled ordinary 
coal than many people in England were aware of. Some of 
the mines were of considerable extent, employing from 200 
to 300 workmen ; but near Lake Garda, where he obtained 
this carbonised peat, the quantities were ridiculously small 
for which they thought it worth while working. The 
proprietor of this **mine** told him that they got about 
half a ton per day with three men. 

The President asked Mr. Waters if he had ever com- 
pared these with any of the Diimten fossils. 

Mr. "Waters said he had a specimen of wood from the 
Diimten mines — which he had visited, — and found it, in 
some respects, very similar. On the occasion of his visit, 



229 

he saw the black band^ but was not aware that he Iiad como 
upon the coal. It was quite soft, and he could drive his 
hammer into it, as he could into the surrounding clay, and 
except for the colour, he had no idea, at first, that it was 
the coal. When brought out, it had to be dried, as before 
described, after which it was capable of being split up. 

The President . Certainly, the carboniferous deposits 
around the Alps are very different from the ideas generally 
entertained of such deposits in Lancashire. 

Mr. Waters said the greatest deposits of tertiary lignites 
were in Bavaria, where there were several considerable 
mines. 

Mr. Plant said it seemed to him that one of the speci- 
mens was much more like a bright jet, equivalent to the jet 
of Whitby, in the lias. It looked as fine as any of the 
Lancashire cannel coals. The specimen from Bavaria was 
much like the Lancashire bituminous coal. 

The President ; You were not able to make any cross 
section about this lignite, or find out whether there was 
any boulder clay about, or any glacial dchna ? 

Mr. Waters said he observed nothing that he could make 
out to be glacial. There was clay in association, but he saw 
no proof of its being glacial. 



THE GEOLOGY OF HALIFAX. 

Mr. Aitken said that, in the Paper by Mr. Spencer, read 
at the previous meeting, on the Geology of Halifax, refer- 
ence was made to a body of very peculiar Breccia, and 
certain minerals, which had been met with in driving a 
tunnel through Wadsworth Moor, for the purpose of con- 
veying water to the town of Halifax. Having visited the 
spot, and collected minerals and specimens of the Breccifif 
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in question, ho liadbrouglittlicm for Inspection by theijieeting. 
(The specimens were exhibited, and the peculiarity of the 
Brecciay as described at the previous meeting, were pointed 
out.) The other specimens, Mr. Aitken said, represented 
the vertical joints of the rock, upon which a coating of 
pearlspar had been deposited. Upon the pearlspar crystals 
of marcasite, sulphuret ol iron, and sulphuret of zinc had 
been formed ; and in one instance there appeared to be also 
Galena. These were very curious, as occurring in the 
Millstone Grit ; for, so far as he knew, in this neighbour- 
hood, these rocks had not yielded the minerals in question — 
at all events, not in the state in which they were found in 
this particular instance. 



NOTE TO THE INAUGT7RAL ADDRESS, 

By the President. 

Professor Dawkins said : In quoting Professor Ramsay's 
views as to the Meiocene Geography, in my Address, page 
193, the term lihwe is applied to the Meiocene river into 
which the tributaries fell that drained the area now drained 
by the Upper Rhine, south of Mainz.* He objects to such 
an application of the term. The conclusion also that this 
river debouched into the Mediterranean area, for which, I 
only am responsible, is so printed, that it may seem to bear 
the impress of Professor Ramsay's authority. It is based 
on the distribution of the Meiocene strata in Dummfs 
" Carte Oeologique de VEuropCy^ and on a study of Professor 
Seer's "i(? Monde Prhnatif en Suisse;" in both of which 
authorities the Meiocene strata are traceable, sweeping in a 
broad band, through south-eastern France down to the 
Mediterranean basin. 



• Q. J. G. Soc. Lon. vol. xxx., p. 87. 
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The following Paper, eommunicated through Mr. J. Plant, 
Hon. Sec., was then read :— 

THE HiEMATITE DEPOSITS OF WHITEHAVEN 

AND FURNESS. 

By J. D. Kendall, C. and M.E., F.G.S. 



The great revolution that has taken place in the manu- 
facture of iron during the last few years, by the discovery 
of the Bessemer process, and the remarkable adaptability 
of the haematite found in the districts of Fumess and 
Whitehaven for that process, has resulted in converting 
two remote parts of the kingdom, once almost exclusively 
devoted to agriculture, into districts whose most prominent 
features are their "mines and miners," and which, from 
their former comparative insignificance, have been raised, 
as if by magic, within a very few years, to a first importance 
in the iron trade of this country. 

Although it will not be possible within the limits of a 
paper like this to describe at any very great length all the 
various facts that have been laid bare by the working of 
these deposits, from their first discovery up to the present 
time, yet it is hoped, by a system of condensing, that it 
will be possible to include the most important of them, so 
as to give as fair an idea of the position and character of 
these enormous deposits as it is possible to get without actual 
examination. An attempt will also be made to accoimt for 
their origin, and also to assign to them their probable age. 
In order that these things may be rendered more clear, and 
the arguments by which the various conclusions are arrived 
at, followed more closely, it will be necessary in the first 
place to sketch out a brief outline of the geology of the two 
districts, and in doing that it will be as well, perhaps, to 
glance at the geology of another district, which is intimately 
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associated with them, and on the borders of which they lie. 
I refer to the English lake country. That district, as many 
are aware, consists almost wholly of a mass of rocks of Silu- 
rian age, out of which, by elevation and denudation, have 
been formed those wild, majestic, and towering mountains 
that now raise their bald and blackened summits to the sun 
as in defiance of time and all its mighty agencies, and yet 
they are, in reality, but the emblems of change and decay, 
the remnants of a past existence. 

Around these rocks of the lake country, and resting upon 
an inferior continuation of them, there is an almost continuous 
band of Carboniferous rocks, varying in width from half-a- 
mile to about five miles, and which, in its course, passes 
through both the districts of Whitehaven and Fumess. In 
their fullest development, the rocks forming this band consist 
of three formations — the Carboniferous limestone, the Mill- 
stone Grit, and the Coal Measures. Only in one part of the 
band, however, do the whole three formations appear together, 
and that is at Whitehaven, the remainder of it consisting 
chiefly of Carboniferous limestone, with here and there a 
capping of Yoredale rocks or Millstone Grit. The Yoredale 
rocks appear in Fumess and terminate the Carboniferous 
group in that district, so far as is yet known. Everjrwhere 
the dip of this Carboniferous band is normal to its direction 
and outwards from the enclosed Silurians — that is to say, at 
Whitehaven, on the west side of the lake district, the Car- 
boniferous rocks dip west; at Hesket Newmarket, on the 
north, they dip north ; in Furness, on the south of the Silurian 
mass, the dip is to the south, and at Shap on the east, they 
dip to the east. This radial nature of the dips has evidently 
resulted from an elevation of the underlying and enclosed 
Silurians subsequently to the deposition of the Carboniferous 
rocks. One of the chief effects of that elevation is that it 
has so tilted the outlying Carboniferous rocks that now, after 
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a part of them have been removed by denudation, the dif- 
ferent formations thereof appear on the surface in a number 
of broken minor bands which, like the main one, run more 
or less completely round the slaty rocks of the Lake country, 
the newest formation being, of course, most to the dip, or 
^rthest from the centre. On the outside of this Carboni- 
ferous band, there is another and similar baud, which 
also passes through both the districts of Whitehaven 
and Fumess, but which is made up entirely of Permian 
rocks. They rest unconformably on the Carboniferous 
rocks, and consist chiefly of red sandstones. With the 
lower portion of these sandstones there are intercalated 
two or three thick beds of Breccia ^ and in the centre of the 
system a thin band of magncsian limestone is sometimes 
found. Like the Carboniferous rocks, these diflerent forma- 
tions of the Permian system do not all appear together 
throughout the whole band, one or two of them being fre- 
quently wanting. For instance, at Whitehaven there is only 
a thin band of Breccia representing the lower Permian. 
Above that there is a band of magnesian limestone repre- 
senting the middle Permian, and, finally, the upper Permian 
sandstone of St. Bees. In Fumess, there is only the Mag- 
nesian Limestone and the Upper Red Sandstone, the lower 
Permian being entirely absent. These rocks have the same 
sort of radial dip as the Carboniferous rocks have, but the 
two sets do not correspond at all, cither in direction or 
amount. 

From the preceding I think it will be evident that, if we 
take a section through each of the two particular districts 
under notice, on the line of dip, that is, on an east and west 
line at Whitehaven, and on a north and south line in Fumess, 
wo shall have in each the following ascending order of rock 
systems. First, the Silurians, forming the base of both 
districts ; then, resting upon those, the Carboniferous rocks ; 
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and, lastly, tho Pcrmians. The formations making ap these 
systems are also very much alike. 

This groat resemblance in the geology of the two districtSy 
of coxirse, follows from the fact I have tried to point out, that 
the geological character of both is the result of a similar set 
of changes which appear to have affected a very large area 
round about the English Lake Coimtry. 

Having now glanced at tho geology of the two districts, I 
will proceed to the main object of the paper, the considera- 
tion of their haematite deposits. In treating the subject, it 
is proposed to divide it into four parts. First, as to the form 
and geological position of the deposits : secondly, their in- 
ternal nature ; thirdly, their origin ; and, lastly, their age. 

Form and Geological Position. 

All the HsDmatite of these districts is obtained either from 
the Silurians or from rocks of Carboniferous age. The latter 
deposits are, however, by far the most important, the oro 
found in the Silurian rocks being so very limited in quantity 
as scarcely to be worth working. 

(a,) Deposits in the Silurians. — The ore occurs in these 
rocks in the form of veins, of which there are a great number. 
Most of them, however, are but a few inches wide on an 
average, and are consequently not worth working. The only 
deposit yet found in them of any importance is in the Skiddaw 
slates, at Knockmurton, where several veins are now being 
worked that have an average width of 3 to 4 feet. Like 
most other veins, their Tvddth is by no means uniform. Some- 
times they only show a few inches of ore ; at others they 
are 9 or 10 feet wide, and nearly all ore. They do not 
maintain this width long, however, but nip in again to 2 or 3 
feet. The ore is of excellent quality, but liable to become 
mixed, in the process of extraction, with various foreign 
substances that lie along with it. The direction of the lodes 
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is generally either N. by E. and S. by W., or N.W. by S. E., 
with a dip of from 45° to 80° with the horizon. These direc- 
tions^ I may remark, correspond exactly with those of the 
two sets of divisional planes intersecting the rocks in which 
the veins occur. This being the case, it would appear as if 
the veins and divisional planes were the result of one and 
the same great cause, the one being but an extension or 
modification of the other. Probably the veins are but opened 
divisional planes, having been so opened by some great 
elevatory strain. 

(6.) Deposits in the Carhoniferous rocks. (1.) Of the Car- 
boniferous deposits a thin band occurs at Millyeat, near 
Whitehaven, at the top of the Coal measures there, but it is 
not of much value, being too thin (only about eight inches 
thick) and too much broken by faults to pay for working. 
It was tried some years ago, but soon given up, on accoimt 
of the small quantity and the difficulty attending the getting 
of it. The quality of the ore is excellent, and but for the 
very small quantity there is of it, would, no doubt, have been 
worked more extensively than it has. The following is an 
analysis thereof made by Dr. Penny : — 

Peroxide of Iron 97*85 

Phosphate '71 

SiKca 1-44 

Lime trace. 

lOO'OO 

Metallic Iron 68-5 

(2.) The rest of the deposits are in the Carboniferous or 
Mountain limestone, and it is to them that I now wish par- 
ticularly to direct attention. 

The Carboniferous limestone series as developed in the two 
districts is very much alike, and consists mainly of altem^- 
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tions of limestone, shale, and sandstone. The sandstone and 
shaly beds are generally very thin, often not more than two 
or three feet in thickness, and sometimes less, but seldom 
exceeding 12 feet. On the other hand^ the limestone occurs 
in huge masses, from 20 to 200 feet thick, and sometimes it 
is as much as 300 feet. It is in these thick beds of limestone 
that the hsematite is foimd, sometimes filling fissures and 
lake-like hollows in that rock, just below the drift ; and at 
others presenting itself in an irregular cavern-like form, 
/ deep down in the limestone. It does not appear to prefer 
any particular bed of limestone, as it is foimd in almost 
every bed from the lowest, resting on the Silurians to the 
highest, forming the base of the Grits and Yoredale rocks, 
respectively at Whitehaven and in Fumess. 

From the foregoing it appears that there is a very wide 
difierence in the geological level of the deposits. Owing, 
however, to the tilted position of the limestone and the 
extent to which it has been denuded, this difference in 
geological level does not affect their absohtte level, many 
of the deposits found in the lower beds being much nearer 
to the surface than those in the higher, as we shall presently 
see* 

1. Deposits in the Top Beds, — At Whitehaven, in the upper 
beds of limestone, that is those lying immediately below the 
Grit«, some of the finest deposits in the district have been 
found; as, for instance, those at Bigrigg, Crowgarth, and 
Parkside. At each of these places, the ore occurs in large 
irregular cavern-like masses in the Limestone, just under the 
Millstone Grit, one of the sandy or shaly beds of which 
forms the roof of the different deposits. Viewed in section, 
these deposits present somewhat the appearance of a bed, as 
they have exactly the same dip as the rocks in which they 
are lying, and generally preserve a very imiform thickness, 
^hich varies in the different deposits from 4 to about 40 feet. 
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Sometunes the Sandstone roof and Limestone floor are nearly 
pftrallel for as mucli as 100 yards, and they are so even for 
twice that length; at Parkside. The following eketcb (fig. 1) 
is a vertical section of that deposit taken on the line of dip 
and rise. 



. ~« ,* -^. DRIFT. — ^ »;t- 




In the above sketch there is also a striking example of 
the way in which these deposits somctimos vary in thick- 
ness. At one place (a, Fig. 1) the ore is as much as 65 ft. 
thick, end only a few yards from that point {!>, Fig. 1) it 
is not moro than 3 or 4 feet. These variations in thickness 
are always caused by irregularities in the Limestone floor, 
the roof invariably forming a regular, even plane, which 
has exactly the same dip as the strata surrounding the ore. 
The thickening and thinning of the ore in this way gives 
rise to what are known by the miners as " rolls." In some 
deposits they are very abundant, and are frequently of great 
length. Their direction generally corresponds with the 
strike of the strata. 

Few of these deposits, that occur just below the Grits, are 
found to be very far in from the rise edge of those rocks ; in 
fact, in many cases the ore comes out from beneath them up 
to the drift, as shown at c, fig. 1. The inclination of the 
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strata, however, being somewhat high (about 15 degs.), the 
ore as it extends to the dip soon becomes covered by a con- 
siderable thickness of rocks, as at No. 4 Pit High-house 
where the ore was found beneath about 60 fathoms of grits. 
It is also f oimd in other parts of the district, beneath a 
thickness of rocks quite as great as that. 

The superficial extent of many of these upper deposits is 
very large, that at Parkside covering an area of about 18 
acres. The others vary from about 2 to 10 acres. 

In Fumess only one deposit has yet been found in the 
highest bed of Limestone, that is, lying immediately beneath 
the Yoredale .rocks, and that deposit is at Stank. It was 
discovered about three years ago by the Barrow Haomatite 
Iron and Steel Company, when searching for coal; but so 
little has, as yet, been done towards opening it out that I am 
not in a position to say whether or not it is exactly like the 
deposits in a similar position at Whitehaven. From the 
great resemblance of the Yoredale rocks to the Coal Measures 
it was for a long time thought by the Fumess people that 
they contained coal ; in fact, that they were the true coal 
measures. Several attempts were made, accordingly, to 
prove this. The first trial was made more than sixty years 
ago. From that time up to within the last four or five years 
nothing was done of any importance towards the settlement 
of this coal question. The Barrow Ilaomatite Iron and Steel 
Co. then took it up, and commenced to sink a shaft at Stank, 
or rather they deepened a shaft already sunk, for there was 
in existence there an old shaft, which had been sunk to 
about 20 fathoms for over sixty years. They availed them- 
selves of this, and deepened it to about 65 fathoms, when 
they came upon the Mountain Limestone. They then, of 
course, gave up all hopes of finding coal there. But some-> 
thing (I believe it was the redness of the Limestone) induced 
them to sink a few fathoms farther, and in doing so, at 



about 95 fathoms, they came upon a splcudid deposit of 
Hicmatite. This unexpected discovery was an era in Hccma- 
tito Mining, and has opened up a field of search for iron ore 
in which it would have been considered madness to have 
h>oked for it before. Probably in the course of a few years 
there may be as many deposits working in the upper beds of 
Limestone in Fumess as there are now in Whitehaven. 

2. Deposits in the Lower Beds. — Coming now to the lower 
beds of Limestone, or those resting on the Silurian Rocks, 
we find some of the finest deposits in Fumess, amongst 
which are those of Park and Lindal Moor, the first of which 
covers an area of about 15 acres, and has been proved at one 
point to be over 300 feet deep. The Lindal Moor deposit is 
also very large, being nearly 900 yards long and about 23 
yards wida 

One or two very fine deposits also occur in the lower beds 
of Limestone at Whitehaven ; as at Todholes and Messrs. 
Bain and Patterson's new pit at Woodend. 

These lower deposits occur mainly in dishes or hollows in 
the Limestone, just below the drift and close up to the 
BOurians. Frequently they rest against those rocks on 
one side, oa shown in fig. 2. 
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Both the Park and Lindal Moor deposits rest against the 
Silurians on one side, as in fig. 2, as also do the Todholes 
and Woodend deposits. It is believed by many that the 
deposits have a preference for this position, that is, between 
the slate and limestone. It certainly is not so at White- 
haven, for there are only the two deposits I have men- 
tioned in that position altogether. In Fumess there cer- 
tainly are more in that position than at Whitehaven, but 
still not so many as to lead any one to the conclusion that 
the ore preferred to be there. Not a tenth of the deposits 
in that district are found in that position. 

At Martin, in Fumess, there is one of these deposits in the 
lower beds (see fig. 2), which, owing to the manner in which 
it is worked, is specially interesting, and may be taken as a 
good example of deposits in its position. When first dis- 
covered it was lying beneath a covering of drift about 30 
feet thick. This has, however, all been removed, and the 
ore is now being worked like a quarry, so that there is a 
good opportunity of examining it thoroughly and ascer- 
taining its exact form and character. It lies just on the rise 
edge of the limestone, by which it is surrounded on all sides 
except one, and that is formed by the imderlying Silurians 
as they rise out at a high angle from below the Limestone. 
The length of the deposit is about 260 feet, and its width 
about 200 feet. The greatest depth has not yet been proved, 
but it is certainly over 50 feet. As it will be necessary to 
refer to the deposit again when considering the character of 
the ore found in the different geological positions, I shall 
not enter into any further description of it at present, but 
pass on to those deposits found in the intermediate beds of 
limestone. 

3. Deposits in the Intermediate Beds, — These are both 
many and various. Some of them, especially those in Fur- 



nesSy lie immediately beneath the drift, in fissures and lake- 
like basins in the Limestone, similar to those in the lower 
beds. Others, mostly at Whitehaven, are at some distance 
down in the limestone, sometimes as much as 35 fathoms, 
and present an irregular cavern-like form, that is entirely 
surroimded by rock. Occasionally one of the bands of Sand- 
stone or shale, which alternate witli the limestone, forms 
either the roof or the sole in these deep deposits in the 
Whitehaven district, in which case the ore generally has 
the same dip as the strata in which it is lying, like the 
deposits have just under the grits ; whereas when it is 
wholly surrounded by limestone it may dip any way, often 
just opposite to the planes of stratification. Good examples 
of filled fissures and lake-like deposits in the intermediate 
beds of the Whitehaven district, may be seen at the 
open works of the Crossfield Iron Company, (fig. 3) ; 
as well as at those of Mr. Sterling and Mr. Ainsworth. 
They are about the only deposits of the kind in the 
district. 

WKT. CAST. 
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In Fumess there are a great number of those shallow 
basin-like deposits, in fact, all the deposits in that district, 
with a few exceptions, are of that description. Amongst the 
most important of them may be mentioned Lindal Cote, Ure 
Pits, Askam, and Crossgates. Of the deep-seated deposits, 
peculiar to the Whitehaven district, a fine example may be 



seen in the Salter and Eskctt Company's No. 3 pit (a fig. 4.) 
The deposit worked by the CroBsfiold Company, in their 
No. 3 pit, ia of that description, and there ore many otliers 
beside. 




Fig. 4. 3 

I am not aware that there are any of these deep deposits 
in FumcBs, at least any that are of importonce, the majority 
of the deposits found in the intermediate heds of that district 
being, as I have just said, situate immediately below the 
drift. 

4. Features common to the Dqxmts in general, — Hitherto I 
have spoken only of featores that are peculiar to the difiereat 
deposits. I shall now attempt to describe some of their 
more common characteristics, and first, perhaps, in importance, 
is the well-established fact that, wherever these deposits 
occur, whether just below the Orits, or down upon the Slate, 
or in the middle of the limestone series, their longest axis 
almost invariably corresponds with the Magnetic Meridian, 
or, to be more accurate, they bear about 5 degs. west of 
north in the Whitehaven district, and about 20 degs. west 
of north in Fumess, (Figs. 5 and 6.) 




Kg. 5. (Wlitehaven Doposita.) Fig. 8. (Pumeso Depodto.) 



This remarkablg fact, although nearly universal, is not 
quite BO, being modified occaeionally in one or other of two 
different ways ; as, for instance, when a deceit is cut off by 
an east or west fault which has carried part of the ore away. 
(I^. 7.) What remains of it may possibly be bat a very 
mnall portion of the original deposit, and as aU that has been 
removed mast have hod a tendency to reduce the length of tiie 
depoedt in a meridianal direction, withont affecting its trauB' 
Terse dimensions, it is possible that the part ^t is left may 
be longest in an east and west direction, that is, on the line 
of its original breadth. Again, a deposit may be longer in 
an east and west than in a north and soath direction when it 
has more than one meridianal axis, as at Park Mines, in 
Fumeae. {Fig. 8.) 




Fig. 7. 
The Parle depoait (fig. 8) is about 240 yards on a north 
and south lino, and nhout 500 yards wide. In appearance it 
is like throe ordinary deposits laid side by side, touchiq^ one 
another, and which, taken separately, are each longer in a 
meridianal than in on east and west direction, but the longest 
of them is shorter than the aggregate breadth of the three ; 
consequently the deposit, m a whole, is longest in on cast 
and west direction. 




But for the two exceptions just mentionod, the huomatite 
depoeits will be found to be always longest in a north and 
Bouth direction, and if a deposit sends out a branch or a 
number of branches they nil follow the some law, as at 




Fig. 9. 
Another remarkable fact connected with these deposits 
ia that they ore almost always intersected by faults, or are 
lying by the side of them ; and, singular as it may seem, 
these faults generally have the same bearing as the de- 
posits, that is, they correspond nearly with the meridian, 
being about 6 degs. west of north at Whitehaven, and 20 
degs. west of north in Fumess. A good example of one of 
these meridianal faults intersecting a deposit of ore is to be 
seen at Salter, Whitehaven (fig. 4), where the ore on the 
west side of the fault is about 170 feet higher than that 
on the east side, and the direction of the fault corresponds 
exactly with that of the longer axis of the deposit of ore, 
both being about S degs. west of north. An example of a 
fissure deposit on the line of a fault may be seen at Plumpton 
in Fumess (fig. 10). There arc a great number of deposits 
of Qua description in Fumess. They are generally known 
its " ginnels," when not more than 6 or 7 feet wide. 




3 Fig. 10. 

Sometimes ore is foimd only on one side (the downside) of 
these meridianol faults, ns at Agnes Pit, near Whitehaven, 
vhere it occurs in the Carboniferous Limestone, on the east 
side of a largo north and south fault. On the west of that 
fault the Skiddaw Slates, which cut off the ore on that side, 
are up to the surface, and t^e Carboniferous rocks off alto- 
gether (fig. 11). Other deposits similar to this occur along 
the some fault, botli north and south of Agnes Pit. 




A deposit may also be cut off by a transverse fault, as at 
Montreal (fig. 12), where the ore, in the Limestone, is cut 
ofiF, on the north, by the coal measures, which arc introduced 
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by a large east and west fault. That fault also cuts off 
several other deposits as well, among which is the deposit 
worked by the Crossfield Company from their No. 2 shaft, 
and the Crowgarth deposit. 

SOUTH. NORTa 




Fig. 12. 



From what has now been said, I think it will be evident 
that there is a very great re%cmhlamc between the deposits 
of the two districts as regards their geological j)0%\tioyi^ both 
containing deposits that range through almost every bed of 
the Carboniferous Limestone series, from the lowest to the 
highest. But it will also be seen that there is a very great 
difference in the/o^r^ of these deposits, for, whilst in Fumess 
they are mainly filled fissures or lake-like hollows, just below 
the drift, in the Whitehaven district, they are nearly all 
deep-seated cavern-like masses, beneath a thick covering of 
either Qrits or Limestone. The cause of this difference ap- 
pears to be that Fumess has undergone a more severe 
denudation than the Whitehaven district, and that conse- 
quently the rock which possibly once overlaid the 
deposits in Fumess has been removed. The shallower 
deposits at Whitehaven have no doubt suffered from a 
similar cause. 
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Ini'ernal Nature. 

When we come to examine the deposits of the two dis- 
tricts internally, we are met by a difference quite as great 
as that in their form, and yet there is a resemblance no less 
striking than tliat in their positions. Speaking generally, 
the Whitehaven Haematite is much harder and more com- 
pact than that foimd in Fumess, for whilst in the former 
locality it has all to be blasted, in Fumess it is chiefly got 
by the pick, except at Lindal Moor, Stank, and Askam, 
where the ore is not unlike that at Whitehaven, and is 
mainly blasted. 

1. — WTittefiuven Deposits. — The Whitehaven hamiatite is 
generally of a dull red colour, and occurs in hard, compact 
masses, containing numerous irregular cavities, called 
" loughs," which range from an inch in diameter to 3 or 4 
feet, and even more. These cavities are generally lined with 
that description of ore known as kidney ore, on which, 
again, there is frequently an inner lining of specidar iron, 
\ quartz, and calcareous spars. The beauty of some of these 
loughs when first broken into is quite inconceivable to those 
who have never seen them. The pure, unsullied brilliancy 
of the crystals of specular iron and quartz with which they 
are adorned, produce a most brilliant effect when exposed to 
the light. Frequently, lying in the bottom of the loughs, 
there is a quantity of fine powdery haematite, which generally 
has a very greasy look and a deep stain. It has been some- 
times used as a pigment. 

Kidney ore does not always present itself in the interior 
of a large cavity, for it is sometimes found where, 
at first sight, there is no appearance of a lough, or of 
there ever having been one. On closer examination, 
however, it will be found that on the convex side of the 
kidney ore tlicrc is either a very small space, which, of 
course, is a lough, although of small dimensions, separating 



249 




NiY one. 



Fig. 13. 

it from the massive ore ; or, it may be embedded in a mass 
of spar, which spar occupies what was originally a lough. 
Fig. 13 is a section of a lough, showing the kidney ore sur- 
roimding it, and the inner lining of spar. Fig. 14 shows 
the way the kidney ore occurs when the original lough hole 
is filled with spar. 

MASSIVE OKfi. 




SPAR. 
MASSIVE ORE. 



Fig. 14. 

There appears to be a general absence of bedding in the 
haematite, and some deposits show but very few joints. 
Others, again, contain a large number, the harder ores gene- 
rally containing most. The direction of the joints is either 
east and west, or north and south, the majority having the 
former direction. In fact, the north and south joints are 
mostly very scarce. 

Sometimes in the ore a thin irregular bed of shale is met 
with, and it is worthy of remark that, when such is the 
case, the ore for some distance is frequently very much softer 
both above and below it, being softest next the shale, and 
getting gradually harder away from it, up to 2 or 3 feet, 
when it assumes its regular hardness. The same thing often 
occurs when a deposit has either a shale roof or floor. 

The softening of ha3matite in this way, when in the 
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presence of shale, is probably caused by the ore having a 
slight admixture of shale in it, the most shale being where 
the ore is softest, from there becoming gradually less until 
it vanishes altogether, and the ore assumes its usual hard- 
ness. This alteration in the hardness of the ore does not 
always occur when it is in contact with shale, for some- 
times it is f oundin a perfectly normal condition, especially 
when lying against black slaty shale. 

The junction between the ore and the limestone in which 
it lies is another point worthy of notice. Sometimes it is 
very distinct, there being a thin parting of either shale or 
soft ore between them. At other times the stone and ore 
graduate so into one another that it is very difficult to tell 
where one begins and the other ends. They seem, as the 
miners express it, grown together, for it is impossible to 
separate them. If an attempt be made to break off a piece 
of ore from the limestone, part of the ore is almost sure to 
be left, or some of the limestone will come away with the 
ore. There is no such graduation as this, however, between 
the ore and the sandstone, or between the ore and shale 
when they are in contact, the joint between them being 
invariably well defined, and generally they are easily 
separated. 

If a deposit is exposed to the drift, that is, if it is not 
covered by solid rock, as in the fissures and lake-basins 
worked by the Crossfield Company and Mr. Stirling, the 
ore, for several feet from the top, is generally broken up 
into small pieces. Some of them are slightly rounded, 
being mostly so near the top. 

The breaking of the ore in this way appears to have 
been produced by the intense agencies of the drift period, 
which, judging from the great nimiber of haematite boulders 
found scattered about in the drift formation, have evidently 
had a very severe effect upon the ore deposits of both White- 
haven and Fumess. 
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Very few fossils have been found in the Whitehaven 
deposits ; and the few that have are of very little value for 
determining the age of the deposits, as no one seems to 
know exactly where they came from, whether they were 
lying in the ore, or in the associated rocks, or, if in the ore, 
whether that was solid or had been broken by a fall conse- 
quent upon the working. For it is evident that in broken 
ground a fossil might become incorporated with the ore, 
although it originally laid outside altogether, in the over- 
lying rocks. The few fossils that have been found in the 
deposits are mostly pieces of the stems of carboniferous 
plants which have been converted into sandstone. 

2. — Fu)fie88 Deposits, — The Furness ore, with the excep- 
tion of that at Lindal Moor, Stank, and Askam, is, as was 
stated above, of a very diflPerent character to that at White- 
haven. Instead of the hard solid masses of ore we meet with 
in that locality, we have, in Furness, a loose incoherent 
mass, which has, no doubt, once been solid, but has by some 
means or other become either crushed into a powder or 
broken up into very small pieces. The powder portion 
having absorbed a large quantity of water, now forms a sort 
of paste, which fills up the interstices between the small 
fragments. The open works at Martin, before alluded to, 
afford a good example of the way in which the Furness ore 
occurs generally. We there sec a huge mass of soft, smitty 
ore, in which is imbedded a large quantity of small frag- 
ments of harder ore, a few of which are slightly rounded, 
and here and there a large boidder of ore may bo met with. 
There are also one or two large irregular masses of " black 
muck*'* occurring among the ore and a quantity of clay. 

* Black muck is a dark bro^Ti powdery substance when dry, consisting of 
yarying proportions of siliceous and aluminous materials and of the oxide of 
iron and peroxide of manganese. As found in the mine, it is almost like a 
■tiff pasto, as it is then mixed with a largo quantity of water. From tho way 
in which it occurs, it appears to mo to he the result of some chemical action 
on the limestone. 
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The clay appears to have been carried down by water perco- 
lating through the drift, and to have filled up any interstices 
there might be among the fragments of ore. Just under the 
drift the ore, for a few feet down, is very much mixed with 
the sand and the gravel of the drift, and sometimes a thin 
irregular layer of ore may be seen in the drift altogether apart 
from the main body of ore. 

The lough-holes, that form such a common feature 
in the Whitehaven deposits, are here altogether absent; 
but occasionally a few pieces of kidney ore and spar 
are met with. They do not, however, occur in the 
beautiful way that they do at Whitehaven, lining the walls 
of fairy-like cavities that glitter on the approach of light like 
the gems in a monarch's crown, but are mixed up indis- 
criminately with the soft, smitty ore and its embedded harder 
fragments. The very fact, however, of these pieces of 
kidney ore and spar being there at all seems to indicate that 
lough-holes did once exist in the Fumess ore, and that, 
therefore, it must" originally have been solid, as the White- 
haven ore is now. Some of the harder ore of Fumess is very 
much laminated, especially in the Askam deposit, where it 
sometimes encloses pieces of limestone, as shown in fig. 15, 
the laminations being parallel to the outside of the stone, 
between which and the ore there is often a thin shale 
parting. 
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Fig. 16. 



As to the way in which the broken condition of most of the 
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Fumees ore has been brought about, Mr. Brockbaiik, in a 
paper read before the Manchester Literary and Philosophical 
Society, said he considered that it was the result of glacial 
action, that the ore was originally deposited at the Silurian 
edge of the limestone, and that it was subsequently 
transported by ice to the various fissures and hoUows in 
which we now find it. Mr. Brockbank considers that the 
following section (ascertained by a borehole put down near 
Crossgates), taken from Bolton's " Geological Fragments," 
supports this theory : — 

Section at Crossgates. Ft. In. 

Soil 2 

Gravel and clay 24 

Decomposed limestone 17 

Telhw clayy mioced tcith iroti ore 4 

Black mould 4 

Iron ore (dark coloured) 2 

Black mould, mixed with iron ore . . . . 6 

Iron ore 8 

Decomposed limestone 7 

Black woody deposit 12 

Decomposed limestone 6 

Black mould and tcood • 2 

Telloiv clay, mixed mth ore 16 

Black moidd, mixed with iron ore 10 

Black mould 4 

Black mould, mixed with iron ore and 

limestone 3 

After giving the above section, which he considers to be 
a representative section of the deposits generally, Mr. 
Brockbank goes on to say — " Mr. Bolton was unable to give 
any clue to the manner in which such remarkable sections 
as the above had been obtained. The occurrence of tho 
superficial deposits, as shown in the foregoing section, is, I 
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beKeve, to be explained by the theory of glacial action, and 
is evidently a part of the great change wrought upon the 
surface by the agency of ice during the " glacial epoch," 
coeval with the boulder drift. The great ice-sheet which 
then covered all the north of England descended from the 
lake mountains, grinding down the surface rocks and 
depositing the clays and gravels in its course. The evidence 
of this is most strikingly displayed in the above section, 
each line of which apparently marks out a period and a 
pause in its course. The iron ore occurring in these deposits 
is of a dark colour, and of much lighter specific gravity 
than that from the veins of limestone, and it has the 
appearance of being all ground to powder. After exposure 
to atmospheric influence, it soon falls again into that state. 
The clays are of a bright yellow colour, and of exceedingly 
fine grain, being evidently the 'flour of rocks' ground 
down by the glacier in its passage over the Clay Slates. 
The unf ossilised wood is in a remarkable state of preservation, 
occurring in large fragments, as if it had been rudely 
broken up and crushed, probably also by the ice. It is 
principally birch, and some of the trees have been found of 
2 ft. diameter. In one of the pits there was also a layer of 
peat, giving evidence of a long period of rest and stagna- 
tion. The iron ore was thus by glacial agency transferred 
from its original place of occurrence from the outcrop of 
one reef to another, and redeposited as drift, covered up by 
clays and the debris of rocks, wherever there was a cavity 
to receive it." 

There seems to be no doubt whatever but that some of 
the deposits of Fumess have suffered very greatly from 
denudation, but I cannot for a moment think that the ore 
so removed was redeposited so as to form another or a 
number of other workable deposits, as Mr. Brockbank 
suggests, imless the original deposits were considerably 
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larger than any there are now. Even then it is difficult to 
see how the redeposited ore could be kept so free as it is 
from foreign substances. There is scarcely ever any other 
material found with it but " black mould," or, as some call 
it, " black muck," and that is never mitred with it, but lying 
in large masses amongst it. The comparatively small 
quantity of clay before mentioned as filling up some of the 
interstices between the hard fragments of ore has no doubt 
been washed down from the superincumbent drift, and, 
therefore, need not be taken into account in considering 
whether or not the ore has been redeposited by glacial 
action. It seems to me that if the ore had first been 
denuded, and then transported for some distance by an ice 
sheet (that had come down from the adjacent highlands) 
before being redeposited, there would have been many other 
substances foimd in it besides "black muck," such, for 
instance, as pieces of slate and porphyry, both of which 
rocks abound in the immediate neighbourhood, and over 
which the ice sheet would almost certainly travel. I am 
not aware, however, that there has ever been a single 
transported stone foimd in any of the deposits, exce2)t close 
up to the driftf and they are easily accounted for. The entire 
absence, then, of any such materials in the ore would seem 
to show that it has not been redeposited in the way 
suggested by Mr. Brockbank. Apart from such evidence 
as this, however, if we conclude that the Fumcss ore has 
been redeposited by glacial agency, we must, of necessity, 
say the same of the broken ore that is found at the top of 
some of the Whitehaven deposits that He just below the 
drift, for, to all appearance, it is exactly like the generality 
of the Fumess ore. But it is evident that, at 'Whitehaven, 
that condition has resulted from the breaking-up of the 
originally solid ore, in situ, and it seems to me that the 
fragmentary character of the Fumess ore may have been 



256 

brought about in the same way, only the cause, whateyer it 
has been, whether ice or water, has had a longer duration 
in Fumess, and, consequently, has affected the ore to a much 
greater depth than at Whitehaven. 

As regards the above section, I do not consider that it 
at all represents the mode in which the majority of the ore 
deposits occur, as Mr. Brockbank says it does, but, on the 
other hand, that it is a comparatively exceptional section, 
for, although there are, no doubt, one or two places in the 
district where ouch sections may be obtained, yet I venture 
to say, with all due respect to Mr. Brockbank, that there 
will be found twenty sections like the following for one of 
the above : — 

General Section of Furness Deposits. 

Drift, consisting of alternations of clay, sand, 
and gravel. 

Iron ore. 

Limestone. 
In order to get a clear idea of the way in which such 
sections as that referred to by Mr. Brockbank, are produced, 
it is necessary to know that the Carboniferous Limestone of 
Fumess contains a large number of caverns. They traverse 
the district in almost all directions, and act as a sort of 
undergroimd water-courses. They are, consequently, a great 
source of annoyance and expense to mine proprietors, who 
not imf requently have to drain a very large tract of country 
in order to keep their mine in a workable state. In fact, to 
such an extent do these caverns act as water-courses that 
there is almost an entire absence of surface streams, the 
water simply percolating through the drift and then being 
carried off by these imderground channels. About three- 
quarters of a mile from Dalton there is a small plot of ^ate|i 
known as Standing Tarn. It is situate in a basin, out p| 
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which there is no surface outlet, and yet the water in the 
severest floods never rises beyond a certain point in it, 
showing that there must be some underground passage 
which carries it away. The passage is probably one of the 
caverns I am speaking of. This tarn, remarkable as it is in 
its physical features, is but the type of several others that 
are to be found on the moimtain limestone of Fumcss. 
There is one at Longlands, into which it is said chaff has 
been thrown that was afterwards pumped from the Stainton 
Mines, which are about half a mile away from the tarn, 
thus proving the existence of an imdergroimd commimication 
of some sort between the two places. As, however, there is 
a faidt running nearly in a direct line between the tarn and 
the mine, the water may possibly find a passage along that. 
A number of other examples might be adduced to show the 
existence of these caverns, but I will only mention one 
more. In boring in limestone it occasionally happens that 
the rods suddenly fall a foot, or eighteen inches, or even as 
much as two feet at once, and the water then leaves them, 
and makes its way out of the side of the hole. To explain 
this we have only to suppose the existence of a cavern, 
which intercepts the path of the rods. This cavern, 
upon being broken into, will, of course, carry away all the 
water ; and, moreover, the rods, being unsupported, will fall 
until they strike the bottom of it. The loosing of the water 
from a borehole in this way has frequently been looked 
upon, by those who himt after " signs," as an indication of 
the proximity of iron ore, but the absurdity of such a thing 
must be quite evident to anyone who will give it a moment's 
consideration. 

When any of the numerous caverns, just referred to, 
approach so near the surface that the roof is unable to sup- 
port the super-incumbent drift, a depression in the ground 
ensues. These depressions arc known as "sinks" or swallow 
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holes/' of which there are some dozens in Fomess. Some 
of them, when occurring near stream beds, have been known 
to engulf the whole 6f the Water conveyed by streams of no 
small capacity. These streams, especially in flood times, 
would, in all probability, carry down with them, and depout 
in some part or oth^ of the cavern, a considerable quantity 
of clay and stones, and even timber. It is also possible that 
a small quantity of iron might find its way down too, and 
become mixed with the clay and stones. Conditions such 
as these, it is submitted, render easy of explanation such 
sections as that given by Mr. Brockbank, without calling in 
the aid of glacial action at all, and make it less probable 
than ever that the ore deposits of Fumess— or any one of 
them that is worth working — ^have been placed in their 
present position by ice action. "We have only to suppose 
that the positions now occupied in that section by the deposits 
6f clay and wood, &c., were originally caverns, and that they 
communicated with the surface in the way mentioned above, 
and all the peculiarities of the section are explained. As to 
the black muck, I am of opinion, from the way in which it 
generally occurs in the deposits, that it was produced in sifu, 
and has resulted from some chemical action on the limestone. 

No fossils have been found in the soft, broken ore of 
Fumess, but the harder ore at Lindal Moor has yielded a 
very large number, all of which belong to the Mountain 
Limestone. They are sometimes converted into pure haoma- 
tite, and at others are a mixture of limestone and ore, as if in 
a state of transition. 

From what has now been said respecting the ores from 
the two districts, it will be evident that there is a great 
difference in their mechanical condition. The dijOTerenoOi 
however, is only mechanical, for chemkally they are nearijf 
alike, that is, if we take only the harder fragments of thQ 
Fumess ore, but in the mass the Fumess ore is inferior to 
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iliat at WhiteliaYeiiy as it contains more siliceous and 
aluminoTis materials, owing to the presence of the infiltrated 
clay, which it is impossible to separate in working. These 
remarks respecting the infiltrated clay do not apply to the 
compact ore of Fumess, as f oimd at Lindal Moor, Stank, and 
Askam, and which is nearly, if not quite, equal to the 
Whitehaven ore, but only to the soft, broken ore found in 
that district. The following analyses will give some idea of 
the difference there is between the two ores : — 

Analyses of Furness Ore. 

Gill Brow. Lindal Moor. 

(Broken.) (Compact.) 

Peroxide of iron 86-60 94-23 

Protoxide of manganese . . 0-21 0*23 

Lime.. 277 005 

Mamesia 1*46 trace 

Carbonic acid 2-96 — 

Phosphoric acid trace — 

Sulphuric acid O'll 009 . 

Silica 6-18 4-90 

Alumina 0-30 0*12 



100-49 



99-62 



Metallic iron . • • . • 60-55 



65-98 



Analyses of Whitehaven Ore. 

Cleator Moor. 
(Ck)mpact.) 

Peroxide of iron 95*16 

Protoxide of manganese • • 0-24 

SiKca 5-66 

Alumina 0*06 

Lime 0-07 

Magnesia — 

Sulphur trace 

Phosphoric acid , trace 

Phosphate of iron ..••.. — 



Farksido. 
(Compact.) 

. 98-26 
\ 1-59 



trace 
trace 



0-30 



101-19 



10015 



Metallic iron 66-61 



68-78 
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I havo now, I believo, pointed out tKe main distinctiyo 
features of the ores found in the two districts. Taken in 
conjunction with the conclusions previously arrived at, re- 
garding the form and position of the deposits, we have, 
speaking generally, in the Whitehaven district, a series of 
deep-seated cavern-like deposits of hard, solid ore ; and in 
Fumess, fissures and lake-like hollows, containing a hetero* 
geneous mass of soft and hard hssmatite, mixed with day 
and black muck. 

Theik Origin. 

To accoimt for the o];;igin of these splendid deposits of 
hsQinatite, although, perhaps, of the last importance in a com- 
mercial point of view to the districts in which they are found, 
would be a matter of no little interest to science ; and yet, 
for some reason or other, the subject has hitherto been almost 
entirely neglected, and, when attempted, it was on such very 
incomplete data, that the results arrived at were not so 
satisfactory as they otherwise might have been. I believe, 
however, that the description of these deposits, given in the 
first and second parts of this paper, includes almost every 
fact of any importance that is yet known respecting them, 
and, therefore, affords a moderately safe foundation to build 
a theory upon. 

Igneous Origin. — It is often held that these deposits owe 
their origin to some deep-seated igneous action — that the 
ore was originally ejected from below in the. condition of a 
hot-boiling liquid, which settled and consolidated in pre- 
viously existing caverns, fissures, and hollows. At other 
times, it is urged that the ore was placed in its present 
position in such a manner as to render the previous existence 
of caverns and fissures quite unnecessary. What the precise 
manner was in which it was so laid is not stated, nor even 
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liinted at. I think, however, that it will be found infinitely 
more difficult to reconcile any igneous origin with the facts, 
if the existence of caverns and fissures into which the ore 
could run, is not assumed ; for, how otherwise are we to 
account for the undisturbed state of the adjacent rocks. 
There is not the least sign whatever of any force having 
been employed by the ore to displace the limestone, but if 
there were no caverns into which it could run and settle, it 
is evident that the limestone must have been displaced by 
the ore, for no two bodies can occupy the same space at the 
same time. The absence, then, of any such disturbance as 
would necessarily arise by the forcible displacement of one 
body by another would seem to show that the ore, if of 
igneous origin, must have been deposited in caverns. Besides, 
why should the ore have such a preference for the limestone 
and so carefully avoid beds of sandstone, and shale, as we 
have seen that it does, if it was not laid in caverns P Why 
do we not find it lying in other rocks as well as limestone P 
If it had been ejected from below we should have expected 
it to pass through all rocks alike, as other igneous deposits 
do, and not to have shown a most decided preference for one 
particidar kind of rock. This difficulty, however, is at once 
surmounted if we suppose the ore to have been laid in caverns 
or fissures, for it is well known that both caverns and fissures 
greatly abound in limestone, and that it is chiefly in that 
rock they are found. Therefore, if the ore was laid in caverns 
and fissures, we should expect to find it mostly occurring in 
limestone, and such actually is the case. 

It would seem from the above, that the previous existence 
of caverns and fissures is a most essential part of an igneous 
theory, for in no other way can we accoimt for the imdisturbed 
state of the surrounding rocks. 

Let us see, then, how far an igneous theory, including 
this feature, explains the following sections, figs. 16 and 17. 




Fig. 18. Fig. 17. 

The sections from which these sketches were taken, are at 
present to be seen in one of the Salter and Eskctt Co.'s pits, 
at Whitehaven. Fig. 16 is a longitudinal section along a 
north and south heading, and fig. 17 a croBS section of same 
at A fi. It will be seen from fig. 17 that the heading in vbich 
the sections are exposed is driven just on the edge of the 
ore, and that, on the west side, there is nothing but limestone. 
On the east, it is nearly all ore, with the exception of a piece 
<^ limestone near the top, l m. This piece of limestone was 
originallj joined to that on the west side of the heading at 
o p, fig. 17, but the connection was severed by the heading. 
£ven now, however, the identity of the beds can be traced, 
for the shalo partings shown at I and m may bo traced round 
by the forehead from one side of the heading to the other. 
These partings, it will be noticed, maintain on uninterrupted 
course in both the limestone and ore, having the same dip 
and being exactly the some distance apart when in the ore 
as when in the limestone. They have also the same litho- 
logical character as those partings in the limestone, and 
form, with them, in every respect, relations which leave no 
doubt whatever but that they were both foi-mcd at one and 
the same time. Such being the case, it is evident that the 
ore which they intersect cannot have been thrown down in 
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a oavem previously formed in the limestone, for, if so, these 
thin partings, being now in the same relative position to the 
surrounding rocks as they were when first deposited, must 
have stretched across that cavern, and must have been able, 
not only to stand without any intermediate support across 
that opening, which would bo several fathoms wide, but 
also have been able to resist, undisturbed, the flowing force 
of a large mass of molten metal, rushing, probably, with 
great and furious force into its cavernous receptacle. Such 
things are, however, altogether impossible, for it must be 
evident to anyone that these thin partings could not possibly 
stand for a moment if the support was taken from them, as 
it must have been if they spanned across a cavern ; conse- 
quently, I think we may safely say that the ore in question 
was not deposited in a cavern. But if it was not deposited 
in a. cavern, and a cavern is, as we have shown, an essential 
part of any igneous theory, it follows that the ore in question 
cannot be of igneous origin. 

Perhaps it may be thought possible that the ore may have 
been formed at the same time as the limestone in which it 
is lying, then there would be no need of asuming the 
existence of a cavern. Let us see* how far this is possible. 
Now, limestone being the result of organic agency, would 
necessarily be of comparatively slow growth, increasing only 
by inconceivably small increments, but the ore, if of igneous 
origin, would, in all probability, like those rocks generally, 
be produced by a single instantaneous effort, and, conse** 
quently, being of more rapid growth, would overflow the 
limestone and form a sort of bed. .There is, however, no 
evidence of any such overflow, or bed-like formation, either 
in the particular ore in question, or in the deposits generally. 
On the contrary, many of the deposits are more like veins 
than beds. Even such deposits as Parkside and Bigrigg, in 
which there is a slight resemblance to a bed, send out from 
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the main body, at various pomts, a number of vein-like 
branches, shewiug that the ore could not possibly heve been 
formed at the same time as the limestone, and, therefore, that 
it cannot be of igneous origin. 

Again, if the ore had an igneous origin, we shoidd expect 
to find, in the surroimding rocks, some evidence of the 
calciniag effects such huge masses of matter must have 
possessed when elevated to a temperature sufficient to 
produce liquefaction. The limestone and sandstone, one 
would think, should have been altered in texture, and the 
shale hardened, but there is no such evidence whatever, for 
the rocks in contact with the ore are, to all appearance, in 
exactly the same condition, lithologically, as the same 
classes of rock are when away from the deposits altogether. 
Besides, on the assumption that the ore had an igneous 
origin, how are we to accoimt for its laminated condition in 
many places, for the numerous carboniferous limestone 
fossils that have been found in it, and for the interstratified 
beds of shale, many of which are, like those in figs, 16 and 
17, but continuations of shale beds, intercalated with the 
surrounding limestone. 

But it may be said that the ore saw possibly deposited by 
sublimation. It is evident, however, that it could not have 
been so deposited in the case of figs. 16 and 17. Sublima- 
tion assumes the existence of fissures or cavities, in which 
the sublimed vapours may accumulate and condense. But 
we have just shown that the ore in figs. 16 and 17 cannot 
possibly have been deposited in a cavern. Therefore it 
ncanot have originated by sublimation. 

There are numerous other argiunents, equally powerful, 
which might be adduced to show the impossibility of an 
igneous origin, but it is hoped that what has already been 
said will be foimd sufficiently conclusive on that point to 
render it quite unnecessary to say more. 
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The arguments generally adduced in favour of an igneous 
origin of haematite are based upon tlie kidney-lilce structure 
of some of the ore, and the existence of the lough-holes, 
l)oth of which features the advocates of this origin believe 
oould only have been produced by the action of fire. On 
these two facts they foimd a theory which is opposed to 
almost everything else that has yet been proved without 
first showing that the facts on which they rely so much are 
incapable of production in any other way. That the 
radiated, kidney-like, and concretionary structure of haema- 
tite can be produced without fire is certain, for I have seen 
it in the incrustation of a locomotive boiler using water, 
holding a large quantity of iron and lime in solution. It 
may also be seen in the stalagmite coating of caverns, and 
in many other aqueous deposits. Professor Bischoff, in his 
" Chemical Geology," mentions having seen a quantity of 
iron resembling brown hicmatite, and possessing these 
kidney-like forms, that had been deposited in cavities, to 
which the air had access, from springs having a temperature 
of about 91 degrees. The lining of cavities in this way 
suggests to us a probable mode of the origin of loughs in 
the wet way, for if the incrustation continue to increase for 
an indefinite time, the cavity will, in the end, become so 
small as to deserve no other name than a lough. Seeing, 
therefore, that the bulk of the evidence is altogether 
opposed to an igneous origin, and that the only two facts 
which seem to favour it can be explained in another way, I 
think we may safely conclude that the haematite of White- 
haven and Fumess had not an igneous origin. Let us, then, 
try to accoimt for it in some other way — ^by the only 
alternative — ^the supposition of an aqueous origin. 

Aqueous Origin. — Numerous attempts have been made 
from time to time to explain these deposits in the wet way, 
but none of them are quite satisfactory. The segregation 
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theory^ so often employed to account for the formation of 
regular veins, has more than once been adopted in the case 
of these deposits, but not with perfectly convincing effect. 
How, by that theory, can we explain the existence of foadlB 
in the ore, or the intercalated beds of shale, such as are 
shown in figs. 16 and 17 P In order that a deposit may be 
formed by the segregation process, it is necessary that there 
should be a cavity into which the ore may be deposited; but 
it is quite evident that if a cavity had ever been where the 
ore now is, shown in figs. 16 and 17, that the shale beds, 
which intersect it, could not have possibly retained their 
original relative position, as they have done. The same 
argument is equally fatal to most of the other theories that 
have been put forward, since they all assume the previous 
existence of caverns, and consider that the whole of the 
iron was thrown down in those caverns. But it has been 
shown, however, that some of the ore, at least, was noi laid 
in caverns ; consequently, that ore cannot have originated 
either by the segregation theory, or any other which 
supposes that it was laid in a cavern. 

Having thus briefly shown the inadequacy of former 
theories to explain all the facts presented in these deposits, 
I will proceed to sketch out one which to me seems to do so 
as nearly as may be. 

My impression is that the haematite was originally 
deposited as a carbonate, in which form it was thrown down, 
partly by replacing the limestone, atul partly in previously 
existing caverns. The fnodus operandi probably being aa 
follows: — ^Bicarbonate of iron, in solution, entering the 
nimierous cavernous spaces and joints in the limestone^ 
would, by its contact with the carbonate of lime forming 
that rock, become decomposed, the carbonic acid in the 
bicarbonate of iron acting on the limestone. The result of 
the reaction would be bicarbonate of lime and carbonate o{ 
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iron, the latter of which, being insoluble in water, would be 
thrown down, and bicarbonate of lime, being soluble, would 
be carried off in solution. Carbonate of iron would also be 
produced, by the abstraction of some of the carbonic acid 
from the bicarbonate, through evaporation into the caverns. 
The precipitated carbonate, however, thrown down, would, 
in course of time, by exposure to the air and water that 
might pass through the joints and cavernous spaces in the 
limestone, become converted into sesquioxide, the state in 
which we now find it. Both the above operations, to 
produce the carbonate, might frequently bo going on at 
once in the same deposit ; for instance, if water, holding the 
bicarbonate of iron in solution, found its way into a cavern, 
part of the iron contained in that water might be precipi- 
tated by some of the carbonic acid in the bicarbonate being 
evaporated, and part, by the remainder of that carbonic acid 
imiting with the carbonate of lime forming the sides of the 
cavern, and leaving the iron in the state of a carbonate, 
which, being insoluble in water, would be thrown down in 
the cavern. The former process may frequently be seen 
going on now about any coal-field, where bicarbonate of 
iron, in solution, issuing out of the earth and becoming 
exposed to the atmosphere, loses part of its carbonic acid 
by evaporation, and the iron is then thrown down as a 
carbonate. This, eventually, by further exposure to the 
air, becomes converted into sesquioxide, and forms the 
ochreous sediment, called "canker," so common in water 
coming from coal-fields. The latter of the two operations 
mentioned above would, in all probability, extend for a 
considerable distance from the walls of the cavern into the 
limestone, the carbonated water finding its way in by the 
joints. This would, of course, make the deposit very much 
larger than the original cavern, and so enable us to get over 
the objection sometimes raised, that many of the deposits 
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that have been found are much too large to have been 
formed in caverns. 

That some of the iron, at least, has replaced the limestone 
in this way, is proved by the fact of numerous carboniferous 
limestone fossils having been foimd in the ore, some of 
which are only partially converted into haematite. Still 
stronger evidence, however, is furnished by the section 
shown at figs. 16 and 17. When trying to reconcile those 
sections with an igneous origin, it was shown that the iron 
could not possibly have been deposited in a cavern, on 
account of the inability of the thin shale partings to stand 
without support. The same arguments were also shown to 
apply if the iron had an uqueous origin, and was supposed 
to have been all deposited in caverns ; for, although there 
would not be the same disturbing force when the iron was 
quietly deposited from an aqueous solution as there would 
when it was rolling in as a hot molten mass, and conse- 
quently, the shale partings that must have stretched across 
the cavern would not be so likely to get disturbed, stfll we 
have the difficulty of ever getting them to stand at all, 
apart from any disturbing influence ; for it is evident that 
they are not, and never could have been, sufficiently strong 
to bear their own weight across a cavern several fathoms 
wide. Therefore, if there ever had been a cavern there, 
these partings must have fallen away. Their existence, 
however, now, in the same relative position to the 
surroimding limestone that they occupied when first 
deposited, shows that there cannot have been a cavern 
there ; so that the ore could not have been deposited in one. 
The same sort of reasoning shows that all those deposits 
which have a shale roof could not have been laid in caverns, 
for if they had, the shale roof would have fallen away, as it 
does now when the ore is taken from below it in worki^gi, 
If even only a very small area of it be exposed to atmoch 
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pheric influence now for only a few weeks or days^ it falls 
away; so that it is scarcely likely that it would stand, 
perhaps for years, when unsupported for an area of several 
thousand yards, as it must have done if the space now 
oecnpied by some of the ore deposits with shale roofs had 
been caverns. It is also equally certain that the ore could not 
have been deposited at the same time as the limestone ; for 
if the iron had been in solution at the time the limestone 
was forming, they would have become mixed together, and 
woidd not have appeared to us imder the two distinct 
characters of nearly pure hasmatite and nearly pure lime- 
stone, as they do, but simply as a mass of irony limestone, 
or limey iron. We shall get over all these difficulties, 
however, if we suppose that the space now occupied by the 
ore was originally a mass of limestone, laid down at the 
same time as the limestone now surroimding the ore, and 
that it has subsequently been replaced by the ore in the 
way before suggested ; that is, by chemical action. Under 
this supposition we escape the difficulty of the thin shale 
partings having to stand across a large opening without any 
intermediate support, for the support would then never be 
taken from them, because, as the limestone was removed, 
the iron would be thrown down in its place. "We also see, 
by supposing part of the ore to have originated by the 
replacement action just suggested, how it is that the ore 
and limestone, in some places, pass so gradually into one 
another as they do, appearing often as if they were grown 
together. It is evident that the transition from limestone 
to haamatite must be a slow and gradual process, and that, 
therefore, we ought to find between the pure limestone and 
the pure hsematite a regular gradation from one to the 
other. As has been before mentioned, such actually is the 
case ; and it is difficult to see how it could possibly have 
been brought about in any other way than through th^ 
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replacement of the limestone by the haamatite. The same 
action will also account for the appearance in the ore of 
those fossils which seem to be only partially converted into 
hsDmatite, as well as for those which have been completely 
changed. It is well known that limestone fossils generally 
withstand the action of carbonic acid much longer than the 
rock in which they are imbedded, and some fossils resist it 
longer than others ; so that, if we suppose the ore partly to 
have replaced the limestone in the way suggested, it is 
evident that the carbonic acid, by which the re-actions were 
brought about, would have less effect on the fossils contained 
in the limestone than on the limestone itself, and less on 
some fossils than on others. Consequently it would take 
longer to convert a fossil into haomatite than it would the 
ordinary limestone ; and some fossils would t^e longer than 
others. Hence the different aspects they appear under; 
whilst one fossil is a mixture of limestone and haematite, and 
has a dull red earthy fracture, another will be found of pure 
hard, shining purply ha)matite. The occurrence of these 
fossils in this way, I submit, could not have been produced 
in any other way than by the chemical replacement prooeecL 
It has been shown above that the ore could not have been 
formed at the same time as the limestone. But, if it was 
not, how are we to accoimt for the appearance in it of 
organisms, entirely converted into haematite, belonging 
to the carboniferous limestone, tmless we call in the 
replacement process. As regards the sandstone fossils said 
to have been foimd in the ore at Whitehaven, so much 
imcertainty attaches to them, with respect to the exact 
position they were foimd in, that it is difficidt to aay 
anything about them. I think it is very likely that they 
were not found in the ore at all, but came out of the 
sandstone belonging to the millstone grit formation, which 
forms the roof of so many of the deposits ; or, probablyi 



they were lying between the ore and the sandstone, and fell 
away with the ore when it was worked. 

In the same deposit in which the sections given in 
Figs. 16 and 17 are exhibited, and not far from those 
sections, there is another and different one, showing that 
some of the ore has been thrown down in caverns. Fig. 
18 is the section referred to. 




It will be seen that the bed of shale, a, is abruptly cut 
off on the right by the mass of haematite, b. But before the 
ore was deposited, this shale bed no doubt extended right 
across where the ore is now,' and on into tho limestone on the 
other side. Perhaps it is not possible to verify this now, 
as the deposit has been intersected by a large fault, and 
consequently the relative positions of the rocks are altogether 
different to what they were originally. But it is evident 
that if the shale bed, A, did not extend across where the 
hsematite now is, the ore must have been formed at the same 
time as the rocks by which it is surrounded. It has, how- 
ever, been shown that the ore is younger thou the rooks in 
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showing that the carbonated waters have, at one time, acted 
on those planes, so that if it bo true that the hsematite was 
partly deposited in caverns and partly by replacing the 
limestone (and we have shown that it must have been so) 
why should it all have been laid in those caverns having a 
bearing north and south, and why is it that the replacement 
process has never manifested itself in an east and west direc- 
tion ? These questions are difficult to answer, but, probably, 
the preference of the deposits for a north and south direction 
is owing to the fact that the divisional planes, having that 
bearing, are much more persistent, both horizontally and 
vertically, than those in an east and west direction, and, con- 
sequently, they woidd bo more acted on by the carbonated 
water. Or, the hoDmatite may have been deposited before 
the transverse planes existed, that is, while the rock was 
only intersected by the meridional planes. This, however, 
is only conjectural, as, I believe, it has not yet been ascer- 
tained which set of planes were formed first, or whether 
they wore not formed together. 

The divisional planes of the carboniferous limestone may 
be compared to the two sets of vertical joints in a brick-laid 
pavement of considerable thickness, in which^the bricks are 
so laid that one set of joints are perfectly continuous, both 
horizontally and vertically, whilst the other set, at right 
angles to the former, break joint. The former set would 
correspond to the meridianal planes, and the latter to the 
transverse planes. Yet not quite, either, for in that case we 
should expect to find all transverse 'planes of no greater 
length than from one meridianal plane to another. A more 
correct notion of them will be obtained if we imagine a 
similar pavement built with bricks of difierent lengths, instead 
of being all of the same length, as is usual ; the one set of 
joints would then be continuous, as before, but the other 
woidd be greatly altered. They woidd not then regularly 
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break as when the bricks were of the same length, but it 
might, and no doubt would, so happen that several of them 
would form a continuous line. This is just the way with 
the divisional planes ; whilst those with a meridianal direc- 
tion are always continuous and of great length ; the transverse 
planes generally extend only from one meridianal plane to 
another, but may do so occasionally over many of them. 
This being so, it is but natural to expect that the carbonated 
waters would have a greater effect on the meridianal planes 
than on the transverse planes, for they would expose a much 
larger surface to the action of the water. By way of illus- 
trating this, it may, perhaps, not be iminteresting if I here 
describe in detail one of the numerous caverns which abound 
in these districts. Perhaps the one best suited for that pur- 
pose is that near Stainton, in Fumess, discovered by the 
working of a quarry which supplies the Barrow Ha)matite 
Iron and Steel Company with a flux. The entrance to this 
cavern is about midway up the breast of the quarry, and 
about 50 feet below the original surface (figs. 20 and 21). 
For a short distance from the entrance, the cavern goes in 
an easterly direction. It then makes a sudden turn and 
pursues a southerly coTirse for a few yards. Turning again 
to the east, it continues in that direction for a short distance, 
and then makes another turn to the south, and so it goes on 
taking alternately an easterly and southerly course imtil we 
are about 200 yards in from the entrance. During the whole 
of that 200 yards, the cavern is never wider than 8 feet nor 
less than 3 feet, the average breadth being about 4 feet. Its 
greatest height is about 7 feet, and in one place it dwindles 
down to 18 inches. This, however, is only for about a yard, 
and occurs just in from the entrance. The average height 
is about 4 feet 6 inches. In some places it has all the 
appearance of a drift- way that had been driven by man, 
except for its water-worn sides, for, in one or two places, it 
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is straight for nearly 30 yards, and of a uniform width of 
4 feet, and about 5 feet high. The dip of the rock in which 
it is formed is to the south-east, and as it is mainly hollowed 
out of one bed of stone for the first 200 yards, those parts of 
it in that length which have a southerly direction have the 
same inclination as the rock, whilst those running east and 
west are nearly level, being on the strike. Every time, there- 
fore, the cavern changes its course, it also changes its inclina- 
tion. First it goes level, that is, on the strike of the beds, then 
down an incline, or on the dip, then level again, and so on to 
the end. Here and there, at various distances apart, and on 
both sides of this main passage are numerous small branches 
running out from it; most of them are, however, too small to 
admit any person. There are also several small shaft-like 
passages running upwards from the roof (fig. 21), which, 
in all probability, communicate with the overlying drift, 
as the cavern for the first 200 yards is nowhere 
more than about 25 feet below that formation. The walls 
of the cavern are, in many places, covered with a thick 
coating of carbonate of lime, and sometimes, but not often, 
this is found on the roof and floor, in the form of stalactites 
and stalagmites. Where the walls are not covered with 
this coating they are often thickly set with fossils which 
stand out from the stone in high relief, illustrating what has 
just been said respecting the greater endurance of fossils, 
when under the action of carbonic acid. Scattered along 
the floor of this drift-like passage in several parts there is 
a large number of boulders and a quantity of shingle, 
formed out of rocks that are found in the neighbour- 
hood, such as Porphyry, Coniston flag, and Coniston grit. 
Probably, they have fallen from the overlying drift down 
the shaft-like passages that ascend from the roof. At about 
200 yards from the entrance we come to the end of 
this long, low, narrow passage, and then find a great 
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change. Tho cavern there turns to the north, and suddenly 
opens out to about 20 feet wide and 30 feet in height. 
The floor dips at an angle of 46 degrees, whilst the roof 
is nearly level, so that the further we proceed along the 
cavern the higher it gets. The length of this chamber is 
about 45 feet. In the floor at tho north end of it there is 
a small drop-hole, passing down which, for about 20 feet, by 
means of a rope, the end of which has to be fastened away 
back in the cavern, we come into another large chamber. 
This is about 60 feet long and 30 feet broad, with a height 
of about 17 feet, and has a parallel direction to that above. 
Leading out of the north end of the second chamber in an 
easterly direction, there is a passage about 8 feet wide and 
46 feet long, from which, again, there are two others 
branching out to the north, but into which it is impossible 
to get far now, as they are choked up with large pieces of 
limestone and hoDmatite, and a quantity of Silurian shingle, 
which have, probably, fallen down some passage from the 
drift. In the floor of the passage out of the second chamber, 
and between the ends of the two branches, there is another 
drop-hole similar to that by which we descended into 
the second large chamber. Down this, I believe, no 
one has ever been, but it appears to lead to another 
chamber which is nearly full of water. On throwing 
a large stone into the water there comes up there- 
from a hollow bubbling sound, which lasts for several 
seconds, showing that the water must be very deep. On the 
floor of the two large chambers, and the passage leading to 
the last drop-hole, a quantity of large angular pieces of 
limestone, which have fallen from the roof, lie scattered 
about, and also a quantity of shingle. These are mostly 
covered with a thick coating of clay, as is also the otherwise 
uncovered portion of the floor. 
The two general directions I mentioned as being 
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alternately taken by the different portions of the cavern, 
correspond exactly with those of the divisional planes of 
the limestone in which the cavern is formed. (See 
fig. 20.) This coincidence of direction may be seen 
in the roof of the cavern all the way along, where 
we find, alternately, the transverse and meridianal planes, 
according as the cavern has an easterly or southerly 
direction. Upon an examination of figs. 20 and 21, it 
wiU be seen that those parts of the cavern which have an 
east and west direction, or are on the transverse planes, are 
only of comparatively small dimensions as regards their 
height and breadth, although of considerable length, the 
largest part of the cavern having a north and south 
direction. This I have invariably found to be the case in 
other caverns as well as this ; indeed, it follows, from the 
nature of the divisional planes, that it should be so, and 
makes it extremely probable that the preference of all the 
worked haematite deposits for a north and south direction 
has simply arisen from the greater persistence of the 
divisional planes with that bearing. If so, it is not at all 
impossible that there may be some deposits having an east 
and west direction. Like the caverns, however, with that 
direction they will be much smaller than those bearing 
north and south. Probably, there may be some of them 
amongst those deposits that have been proved by boring, 
but never worked, on account of being too small. Or, they 
may be confined to branches from the main north and south 
deposits. 

Having now attempted to explain the various phenomena 
of the mine, and the probable way in which the deposits 
originated, there remains for me only to consider briefly the 
source of the iron which now forms these deposits. This, it 
appears to me, was probably the Coal Measures. It is well 
known that the sandstone and shales of the Coal Measures 
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contain a large percentage of iron ; and as those rocks at 
one time probably overlaid the whole of the area now 
occupied by the limestone, containing the haematite, it is not 
difficult to conceive how much of the iron they contained 
might be dissolved by the carbonated water permeating the 
rocks, and find its way below, especially if any faults 
existed ; for the retentive nature of the clays and shales in 
the Coal Measures would prevent much water from finding 
its way through the mass of rocks ; consequently it would 
have to descend by the faults. The carbonated solution of 
iron, thus carried down, would attack the underlying lime- 
stone, when it had descended so far, along the lines of those 
faults, and consequently the iron would be deposited on 
those lines — ^a state of things we find actually to exist in a 
great nimiber of deposits, as already mentioned. Whether, 
however, the faults which we now find intersecting the 
deposits were, or were not, in existence at the time the 
hsematite was deposited, is difficult to say ; for although 
most of them contain a large quantity of debris, where they 
intersect the ore, as if they had been formed subsequently 
to that ore, yet, if the ore adjoining the fault had been 
deposited by the chemical replacement process, it is quite 
possible that such a state of things might occur, although 
the ore had been deposited longj after the fault occurred. 
If, as just suggested, the iron was derived from the Coal 
MeasTires, and found its way down by the faults into the 
limestone, it is not at all improbable but there may be a 
great nimiber of deposits that we now know not of, lying 
under the Whitehaven coal-field, and under the Yoredale 
shales of Fumess. The deposit at Stank, in the latter 
district, partly favours this idea, although that deposit is 
not a very great way in from the rise edge of the Yoredale. 
rocks. It would, however, be very much further xmder 
once than it is now, before the district had sufiercd so much 
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from denudation. The same may be said of those depositSy 
in the Whitehaven district, that lie below the grits. 

Their Age. 

This is a question which has engaged the attention of 
some of our ablest geologists, but it is as yet far from being 
settled. Mr. Binney argues that the haematite is of lower 
carboniferous age, from the fact of his having found therein 
a fossil (SigiUaria vasciiluris) peculiar to that horizon. In a 
paper read before this Society, Mr. Binney says, "the 
occurrence of such fossil plants as sigillaria, lepidodendron, 
and calamites, occurring as they do in beds from the lowest 
to the highest carboniferous strata, would give little evidence 
of any particular part of that epoch ; but the Sigillaria 
rasctthm, so far as is yet known, is confined to the lower 
coal-fields, not far in geological position from the Ipstones 
hoomatite, Stafibrdshire, and the valuable clayband ironstones, 
now wrought at Ilazlehcad, west of Penistone. The deposits 
of hsematit^ in Furness and Cumberland, foimd in hollows 
of the carboniferous limestone, and covered up by till, or 
' pinnel,' as it is locally termed, or more rarely by Pemuan 
breccia, are so much alike in all their characters, that if the 
origin and age of one of them are clearly proved, those, of 
the rest must follow almost as a iteeessary consequence." 
Mr. Binney considers the plants must have floated in with 
water which held the oxide of iron in solution, or else they 
must have fallen into the cavities, when suoK wier^^^pen at 
the top, and the ore was in a soft state. 

Professor Harkness and Sir Roderick Murchison agree 
that the formation of the deposits took place about thQ 
dawn of the Permians, arriving at that conclusion from th© 
fact that several deposits in Fumess are overlaid by a breccui 
locally called " crab rock/' which they consider to be of 
^arly Permian age. In a paper on the Permian rocks of 
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the Dorth-west of England, published in the Quarterly 
Journal of the Geological Society, vol. xx., part 2, they say : 
— " The mode in which that valuable ore of iron, hasmatite, 
is found in pre-existing cavities of the carboniferous forma- 
tion, and scaled up by crab rock (Permian breccia), is a 
matter of great geological interest. Joints, fissures, and 
caverns were doubtless formed in the older rocks, antecedent 
to the deposition of the Permian strata ; and in these the 
ores of iron so widely diffused throughout the Permian 
rock have, in this position of the north-western region, 
assimied the characters of ha)matite. This circumstance 
justifies the inference that these haematite ores are the result 
of an agency which ushered in the Permian epoch. The 
earlier rock of both England and Scotland are strongly 
impregnated with iron, their composition consisting princi- 
pally of silica and an oxide of this metal. This latter 
substance originated from the same source which, during the 
commencement of the deposition of the Penrith sandstones, 
filled up the fissures in the carboniferous limestone. This 
conclusion is applicable not only to the Ulverstone district^ 
but also to that of Cleator, south-east of Whitehaven, where 
valuable deposits of hoDmatite are also obtained from the 
cavities and fissures in the carboniferous limestone, which at 
one time was here covered over by an extension of those 
Permian Breccias and sandstones now forming an escarpment 
a short distance west of Cleator Moor." 

With some diffidence I am inclined to differ from these 
eminent authorities as to the age of the "crab rock." Having 
carefully surveyed the whole district, I believe that this crab 
rock belongs to the drift period, and not to the Permian 
system at all. The reasons for such a conclusion are as 
follows : — 

1st. It is intimately connected with the drift at every 
point of its appearance. 
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2nd. There is an entire absence of bedding and jointing in 
it, unlike most old Breccias. 

3rd. It is nowhere overlaid by the upper Permian rocks. 
At the point where the upper Permians are seen resting upon 
the carboniferous rocks, and where we should expect to find 
it, if it really was of lower Permian age, it is not to be seen. 

The Breccia appears to me to have been produced by the 
same force as caused the breaking up of the Fumess haema- 
tite, and at the same time, that is, during the drift period. 
If, then, that is tlie age of this crab rock, it affords no 
evidence whatever of the Permian age of the haomatite^ for 
that ore might (for anything this Breccia proves to the 
contrary) have been deposited during the Trias or even 
during the Jurassic or Tertiary periods. 

The theory proposed by Mr. Binney also seems to me to be 
open to very great objection. If the plants he speaks of had 
been floated in along with the water which held the iron in 
solution, as he supposes, how is it that the same water did 
not carry in with it some of the sand and mud that was then 
thrown down in such quantities. An opening sufficiently 
large to admit a moderate sized carboniferous plant, one 
would expect, would be almost sure to pass an enormous 
quantity of sedimentary matter as well. There is, however, 
no evidence in the deposits of any such matter having been 
carried down into them, and, therefore, I think it is not at 
all likely that the plants which have been found in the 
deposits, converted into haematite, were floated in with the 
solution of iron, as Mr. Binney suggests. 

Probably, the nearest that we can yet come to the age of 
the hoDmatite is, that it was deposited after the carboniferous 
limestone, but before a great part of the Permians. It has 
been already shown that it is younger than the carboniferous 
limestone, for some of it was deposited in caverns in that 
rock. That it was deposited before a great part of the Per- 
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mionsy is proved by tho fact that several haomatite pebbles 
have been found in tho Breccia representing the lower Per- 
mians at Whitehaven. That Breccia is supposed to bo the 
terminating member of the lower Permian, and equivalent 
to the "rotten bockrams of Appleby." If so, it is possible 
that the haematite may be either of the age ascribed to it by 
Professor Harkness and Sir Roderick Murchison, or it may 
be still older, as suggested by Mr. Binney. I submit, how- 
ever, that neither of the times named by these authorities has 
been satisfactorily proved. Perhaps, as more facts are re- 
vealed in working tho deposits, we may be able to arrive at 
their age more nearly than wo can at present. In the mean- 
time, I do not think there is any positive evidence whatever 
to warrant us in saying more than that the hcetnafite is 
younger than the carboni/eram Hmestotie, and older tJian a great 
part of the Permiam. Circumstantial evidence would, perhaps, 
lead us to the conclusion that its formation was collateral 
with the Coal Measures. Tho large amount of carbonic acid 
that would then be dissolved in the waters, owing to the 
decomposition of the immense mass of vegetable matter re- 
quired for the production of the coal scams in those rocks, 
and the large quantity of iron which appears to have been 
present then, seem to point to that time as the most probable 
age of the haematite in these districts. 



The President : We have listened with pleasure to the 
elaborate communication of Mr. Kendall, and some very im- 
portant questions are raised which are very difficidt to 
answer. 

A vote of thanks having been unanimously passed to Mr. 
Kendall, on the motion of Mr. Aitken, seconded by Mr. 
Chakles ICardwick, 

Mr. Aitken said: I have, on several occasions, visited 
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Fumees, and have paid some little attention to this matter, 
which has been discussed so elaborately by Mr. Kendall ; but 
I confess I am not prepared to venture upon any theory 
as to the origin^ or age, of the valuable haematite ores which 
are found in such vast masses in the Fumess district. I 
have, however, listened with very great pleasure to thepaper, 
and learned many important facts from it. One part, how- 
ever, of Mr. Kendall's theory appears to me to be open to 
objection. As I gathered from the reading of the paper — 
which was rather difficult to follow in all its elaborate 
detail — Mr. Kendall's theory is that iron was contained in 
water which overflowed the carboniferous limestone of Fur- 
ness, and that iron combined ^th the limestone enlarged the 
caverns or fissures in which flie haematite was deposited. It 
struck me, as the' paper ^rk^ being read, that a difficulty 
presented itself in the acceptance of such an explanation, 
inasmuch as we do not find, generally, where carboniferous 
limestone exists — ^and where it must, I presume, have been 
also overflowed by the sea— we do not find deposits similar 
to those of Fumess. We must therefore look, I think, to 
to some local agency operating in that particular district 
which has not existed in other carboniferous limestone 
districts, either in this country or in other parts of Europe, 
Iron is found in many places in connection with carboniferous 
limestone, sometimes interbedded with it in small bands, and 
at other times mixed with the rock sufficiently to give it a 
red coloTir; but, so far as my knowledge extends, we do 
not find it in anything like the same quantity which exists 
in this particular locality. Consequently, it seems to me 
we must look to some local operation of Nature which has 
acted in this particular locality difierently from others. Mr. 
Kendall's theory, as far as I can gather, would apply to all 
other parts as well as to Fumess. Whether the igneous theory 
of Mr. Binney is sufficient to accoimt for the local agency to 
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wliioh I have referred, I have not sufficient information to 
be able to say ; but the one great objection to accepting that 
theory, to my mind, has always been that we do not find, in 
connection with this iron, which is to a large extent p\ire — 
and contains, I suppose, about 70 per cent, of iron — ^we 
do not find any volcanic products here, either in associa- 
tion with the iron itself or in the locality, except in the 
northern part of Fumess, and which has, I believe, no 
connection with the iron. There are igneous rocks there, 
but I believe they are distinct and separate from the iron 
deposits. Consequently, difficulties present themselves to 
my mind which I am not able to reconcile. I have read 
several works treating on this subject, but have not yet 
heard any theory which perfectly satisfies me and fully 
accounts for the way in which the heematite has been 
deposited. 

Mr. Dickinson : I have been in several of the principal 
mines in the districts spoken of — Whitehaven and 
Fomess — and I think it would be unfair to enter upon 
a discussion until we have the whole of the paper, 
of which some portions were omitted in the reading, 
before us. Mr. Kendall seems to have gone into the 
subject with great fairness and with great deference to 
the opinions of others, on which groimds he is, I think, 
entitled to respect. Mr. Aitken seemed to take a very fair 
and full view of the subject. The formation and filling up 
of mineral veins and deposits is a subject which has not yet, 
to my mind, received the attention it deserves. People who 
have endeavoured to account for it introduce some physical 
operation — ^as the movement of water — as being necessary. 
We have had this explained by the drifting in of iron from 
the surrounding hills, and by infiltration ; but the connection, 
sometimes to be seen in lead mines in the mountain lime- 
stone, existing — of a fine thread, not thicker than a piece of 
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worsted, between the vein and a side deposit — shows that 
there must have been some other mode by which those deposits 
have been formed than the simpledrif ting in of the iron, either 
from the hills or by water. There has been a deposition going 
on simultaneously with the formation of the rocks. In no 
other way could these deposits, which we find isolated in the 
middle of solid rock, be accounted for satisfactorily to my 
mind. Mr. Kendall, in the concluding part of his paper, set 
forth that the iron ore had been deposited simultaneously with 
the Coal Measures. Of that I think there cannot be any doubt, 
imd the same is borne out not only by the districts now under 
discussion, but by the deposits in the Forest of Dean also, 
where they underlie the entire coalfield. Another point 
which seems to have been passed over rather lightly in the 
paper is the fact of the contiguity of the Permian. We find 
the Permian formation associated with, or not far from nearly 
every principal deposit of ha)matite that we know of. How the 
relationship has been established between the two can, to my 
mind, only be satisfactorily explained by the action — ^prob- 
ably Voltaic first — which has commxmicated the iron from 
the Permian deposits to the limestone — (which seems to haye 
had a greater affinity for it) — ^but how the deposits have 
taken place I shall not attempt at present more minutely 
to account for. The fact that the Permian is generally 
associated with all these mineral deposits is one which should 
ever be borne in mind, and will, I think, tend to the expla- 
nation of how the deposits were formed. 

On the motion of Mr. Plant, seconded by Mr. John 
Knowles, the discussion was adjourned until the printed 
paper was in the hands of the members. 
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TRANSACTIONS 

OP THE 

MANCHESTER GEOLOGICAL SOCIETY. 



Pabt IX. Vol. XIII. Sj^sion 1874-6. 



At the Ordinary Meeting of the Society, held on 
Tuesday, 23rd February, 1875. 

Professor W. Boyd Dawkins, F,R.S., President, in the 
Chair. 

A list of donations was road, of the current publications, 
from the Edinburgh Geological Society, South Wales Insti- 
tute of Engineers, Swansea, and the Sheffield Free Museum 
and Library. 

The following gentlemen were elected Ordinary Members 
of the Society : — Dr. Bangay, Cheadle, Cheshire ; Mr. George 
Nesbitt Greenheys ; Mr. Joseph Hetherington, Shap and 
Dalbeattie Granite Company, Manchester. 

The President said : Before we enter upon the business 
on the notice paper, I wish to refer to the very sudden death 
of Sir Charles Lyell, yesterday. He was one of the oldest 
Honorary ]M(cmbers of this Society, having been elected in 
1838. It is almost superfluous for me to say anything 
about Sir Charles Lyell's career in the scientific world, we 
all know of ^his great eminence by his books. He was 
distinguished in many — I may say in nearly all — ^the fields 
of geological investigation, and of physical geography, 
and his imtiring industry was imabated to the last* He was 
bom in Kinordy, in Forfarshire, in the year 1797, and was 
seventy-seven years of age. 
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1 have also to mention the decease of Mr. R. Hyde Grog, 
of Norcliffe Hall, Cheshire, who was one of the founders of 
this Society in 1838. He was for many years a successful 
manufacturer and a distinguished man in all the great 
municipal and political movements in Manchester. He was 
one of the most zealous advocates for the encouragement of 
education to the working classes, helped to establish the 
Manchester Mechanics' Institution, and did much in his 
early days for the spread of a study of science, and especially 
of geological investigations. His son, R. P. Greg, F.Q.S., 
has acquired a lasting reputation for his excellent " Manual 
of the Mineralogy of Great Britain and Ireland," published 
in 1858. Mr. Greg closed worthily a usefid life at the ripe 
age of eighty years. 

I am sure the members will feel regret at the loss of two 
of its old members, who, thirty-seven years back, helped, 
with others, to found this Society, and of which so few as 
twelve are all that at the present time are to be Sound in the 
ranks of its members. 

The President drew attention to the issue of a new 
Catalogue of the Library, which had been compiled by Mr. 
J. Plant, one of the Honorary Secretaries. 



DISCUSSION ON MR. KENDALL'S PAPER 
ON THE HiEMATITE DEPOSITS OF WHITEHAVEN 

AND FIJRNESS. 

The President said : The first subject to be discussed 
to-day is the paper which was read at our last meeting, and 
has since been published — that by Mr. Kendall, on the 
Ha)matite Deposits of Whitehaven and Fumess. It is a 
paper full of important points, and is one of extreme value. 
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I do not know that such n philosophical paper, on that sort 
of subject, has before been brought before this Society. 

Mr. William Brockuank, F.Q.S., said : Mr. Kendall, in 
his paper published in the " Transactions of the Manchester 
Geological Society," part 8, vol. XIII., has taken exception 
to some of my published opinions as to the origin of 
haematite ores. I purpose, therefore, briefly to examine his 
own theory, and to state as shortly as possible my own views 
in reply 

Mr. Kendall's theory may shortly be stated as follows :^-> 
(1) The sandstones and shales of the Coal Measures contain 
a large percentage of iron. (2) Those rocks probably 
overlaid the whole area now occupied by the limestone 
which contains hsDinatites. (3) The iron they contained 
was dissolved by carbonated water penneating the rocks, and 
this carbonated solution thus carried down attacked the 
underlying limestone and deposited the iron on its lines of 
faults and meridianal planes. 

(o) Now it can readily be shown that true hnomatites are 
found in situations where these conditions could not have 
obtained, and altogether beyond any influences arising from 
the Coal Measures; and therefore we cannot account for 
the presence of haBmatites by this theory. For instance, in 
the porphyry of Bowfell there are large veins of true 
kidney heamatite ore, and especially in the hollow or cleft 
between its two summits. The pike of Bliscoe, in Langdale, 
is deeply veined with hsomatite, and Bed Tarn, behind its 
summit, derives its name from the haematites which form its 
shores. Indeed, so rich are the veins of true haematites in 
the older rocks at the head of Langdalo, that it has been in 
prospect to carry a railway up to work them. 

There are true haematites near the simimits of Scawfell. 
The Screes of Wastwater are veined with them. Bed pike 
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On Ennerdale gets its colour and name from haematite ore, 
and in this locality it was smelted by the Bromans. All these 
are in the syenite, porphyry, and other oldest igneous 
rocks. There are very rich mines now worked in clay slate 
at the foot of Grasmere, and there is a railway making up 
the Ravenglass Valley to convey the ore from mines which 
occur in veins in the granites and other older rocks in the 
Eskdale Valley. At Lindal, in Cartmel, a vein of haomatite 
can be seen between the clay slate and limestone ; and all 
round Amside Knot are true veins of haematite, much alt-ered 
by heat. These, then, are instances of the occurrence of 
hsematite ores, directly from their parent source, and, in my 
opinion, they prove the origin of haematite ore to be igneous. 

(ft) In considering the origin of the hematite ores as they 
are now foimd, it is of great importance to endeavour to 
carry ourselves back in thought, to the time at which they 
were thus deposited ; and to consider what would be the 
position of the rocks in which they were received. 

(c) Supposing, for example, that we take it for granted (as 
I fully believe we may), that the period in which the 
haematites abounded and were largely produced, was that of 
the close of the Carboniferous and commencement of the 
Permian era, and bearing in mind that the Carboniferous 
Measures were deposited horizontally, and afterwards tilted 
at a high angle, then denuded and again simk below the 
level of the sea before the Permian era commenced, (because 
the Permians were deposited unconformably upon them), we 
must see at once that there is room here for vast changes — 
by gigantic forces such as have no parallel with us, and 
which would occupy a long epoch of time from first to 
last. 

{(f) Now, if we are correct in our assumption that the 
haematites were developed during the earliest Permian era, 
it follows that the rocks in which they now arc found were 
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then below the surface of the sea. I believe that the 
haematites were poured out into the Permian ocean, just 
as we read a few years back, that during an eruption of 
Mauna Loa, in the Sandwich Islands, the ocean was coloured 
red for miles around by the ferruginous mud which the 
volcano then poured into it. 

(e) It can be shown that at this time the clay slates of 
Dent, in the Whitehaven district, were undeveloped ; because 
the Permians now rest in detached masses both upon the 
Skiddaw slates, (near Stocksbridge) and green slates (south- 
east of Mousegill), so that wo may picture to ourselves, 
seawards, a series of carboniferous reefs, resting upon the 
syenites and porphyries of the Lake district. 

(/) Now, Professor Phillips describes the great igneous 
granitic and syenitic masses about Scawf ell and Bowf ell, as 
having been in fusion since the deposition of the clay slates ; 
because the latter are everywhere found to be indurated and 
metamorphosed by their action. It is these very igneous rocks 
which now bear the haematite veins above described, and we 
thus have a direct clue to the origin of the rest. Bearing 
in mind that the clay slates of Dent were not yet above the 
level of the ocean, we may picture these igneous centres, 
pouring out the ferruginous stream of lava-like matter, 
seawards, where it would meet the carboniferous rocks, 
tilted and fissured, and thus fitted to receive it. Then 
followed the Permian era, and after long ages the great final 
upheaval, by which the outliers of the Lake district. Dent 
FeU and Cold Fell in the Whitehaven district. Black Comb 
in the MiUom, Ireleth and High Haulme in the Fumess 
district, were pushed through, tilting the carboniferous 
rocks, and again fissuring them in all directions. This, 
again, would not be the work of a moment, but it would in 
all probability occupy an epoch, giving time enough for 
denudations and for the wearing out of the subterranean 
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water courses or caverns, whicli became filled with the 
hsomatites wherever the circumstances were favourable. 

(g) And lastly, followed the Glacial epoch, when the ice 
planed down the rough surfaces, grinding the rocks into till 
clay, and moulding the surface into its present form. I wiU 
not trouble the Society with a description of this part of my 
subject, because it has been fully treated in the papers, 
which will be foimd in the Proceedings of the Literary and 
Philosophical Society*, and to which opinions I adhere. Mr. 
Kendall only cites from the last, which described some 
glacial evidences in the Fumess district; but an earlier 
paper described an equally striking example in the "NVhite- 
haven district, and I believe we can only account for several 
of the great superficial deposits by the glacial theory. 

Mr. J. E. Forbes read a note from E. W. Binney, Esq., 
F.R.S., saying, " It appears that Mr. Kendall has not read 
my papers on Ilaomatite iron, which can be found in the 
Proceedings of the Literary and Philosophical Society of 
Manchester.! 

♦ Proceedings Lit. and Phil. Society of Manchester : — 

Dec. 10, 1867, " On the Origin of Hematites." 

Dec. 1, 1868, " On the Glacial Action in the Whitehaven District." 

Nov. 10, 1870, "Notes on Glacier Moraines, &c." 

Feb. 18, 1873, "Glacial Action, Fumess District." 
t " Glance at the Gteology of Low Furnees, Lancashire." — Tranaaotions 
Lit. Phil. Soc. Man., vol. 8 n. s. p. 443. 

" The beds of iron api)earto have been formed after the deposition of the 
carboniferous limestone, and before the deposition of the upper new red 
sandstone — the limestone rock, in some instances, seems to have h'^eu fissured, 
but in others eroded, or water-worn before the introduction of the iron. 
During the formations of the old red, as well as of the now rod sandstone, a 
vast [amount of peroxide of iron appears to have been mingled with the 
waters of the ancient ocean. But still the quantity in the iron mines of Low 
Fumess is such as to indicate a proximity to the source from wlience 
it originated, » It appears to have been thrown up by volcanic action, 
and then carried by some means, into the valleys and fissures where it is now 
found. But whether the iron was injected into the plocoa where it is now 
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Mr. Plant : I have carefully read Mr. Kendall's most 
excellent paper, and I believe, notwithstanding all that Mr. 
Brockbank has advanced, in' his published papers and now 
reiterated to the meeting, that the view taken by Mr. 
KendaU is a very sound one, and quite in harmony with 
those views which the leading Geologists hold in the United 
States, in respect to the true origin of ha)matite ores. 
Professor J. S. Newberry, Geologist for the State of Ohio, 
writing upon " The Haematite Ores of the United States," 
says : — " The deposits of this ore which occur in the United 
States are second to none in quality and quantity, the most 
important of these are found in the iron regions of 
Marquette, Michigan, and in that of central Missouri, the 
geological age of these districts is apparently the same — 



met with, throngh the. fissures immediately below, or was first mingled with 
the waters of the sea which then flowed through the fissures and caverns of 
limestone, and gradually filled them up with the metallic matter, held partly 
in solution, as Professor Sedgwick thinks, is difficult to determine. The neigh- 
bouring district towards the mouth of the Duddon and Black Coomb, show 
abundant proo& of having been formerly much disturbed by volcanio 
agency." 

"On the Origin of Ironstones."— Trans. Lit Phil. 8oc. Man., vol. xii., 
n.8., p. 40. 

" After examining the bods of hosmatito found in the carboniferous strata 
in reg^ular beds, as in the vicinity of Whitehaven, and those at Ipstones 

(Staffordshire), "no one can scarcely doubt but that they 

had their orig^ in volcanic vents, and flowed into the waters of the sea, 
whore they were deposited with the argillaceous and siHceouB impurities 
found associated with them, layer by layer, like any other substances thrown 
down from suspension. This is evident from the beautifully laminated 
atructure of the Ipstones bed." 

" The vast deposits of ha)matite, in the north of Lanoaahira, in the 
Hundred of Fumess, occur in the great clefts of the carbonileiroiia lime- 
stone, these no doubt, from their great purity, being but little mixed with 
foreign matters, had their origin from volcanic sources, on or near the spot 
where they are most found. Some of thorn, probably, may have come up 
through the bottom of the clefts in which they occur, and othen from a 
ahort diatance, and flowed with water into their preaont poeitiona." 



yix., Hnronian. On Lake Superior it is eaey to see that the 
ore beds were once hoiizontal stt-ata, deposited in coniormity 
with many other stratified eedimeate, hut they are now 
folded and broken in such a way that their true nature was 
for a long while misunderatood. Like the magnetic ores <A 
the Alleghany Belt, they mere once eoimdered erupUve, but 
the progress of modem science has shown that they are 
aimply metamorphosed strata, once deposited horizontally, 
like the sheets of iron ore in the unchanged Palecozoiu rooks 
of the coal measures." These deposits of hEcmatite extend 
over on area of about 120 miles from east to west, but hare 
been greatly eroded, and ore now left in isolated mosses, 
lying for the most part in synclinal troughs. 

The analyses of the Whitehaven and Fumess haematites 
given by Mr. Kendall, are ahnost identical in their elements 
with those of Lake Superior ond Jackson Mine, \-iz. : — 
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In describing the characters of the varieties of iron orca 
of Central Missouri, Professor Newberry says : — " Red 
hsematites consist mainly of peroxide of iron, the ores of 
which have been plainly derived from limonite — ^brown 
hEcmatite — by the loss of the combined water. The famous 
Cumberland ore of England is a typical example of this 
variety; this was once a hydrated sesquioxide deposited from 
water in concretionary masses and having a fibrous, radiated 
structure, similar ore is found in various parts of the 
world, wherever, indeed, a limonite has bsen subjected to 
motamorphic action, by which its wat^r is remoyed; heenuUte 
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is found in concretions or botryoidal masses in sand or clay, 
filling crevices, pockets, and basins, or incnisting slopes — 
wherever, indeed, chalybeate waters have precipitated its 
iron. It is often associated with limestone rocks, because 
they are, more easily than others, dissolved by atmospheric 
water, so as to form caverns and galleries where the ore 
may accumidate, and also because the limestones sometimes 
contain much iron, and in the removal of the carbonate of 
lime by solution, the oxide of iron is left, and, to a certain 
extent, takes its place." 

Sir H. de la Beche, (" Memoirs of the Geological Survey/* 
Vol. I.) in a description of the rocks in South Wales, 
describes in detail the occurrence of a layer of hsomatite 
interbedded in the carboniferous rocks. The section is 
found at Purlieu, Forest of Dean, and shows a mass of 
stratified sandstones, shales, haematite, and limestone, as 
follows : — Sandstones and shales, 88 feet ; limestone, 90 
feet ; limestone with haematite, 60 feet ; limestone, 330 feet. 
In this instance, the view advanced by Professor Newberry 
is fully supported as to the intcrbedded occurrence of 
haematite. Another authority for the chemical alteration of 
ordinary clay ironstones into limonitc, gothite, and compact 
hcDmatitc, by the metamorphic action of infiltrating water, 
will be found in an article by Mr. E. T. Ilardman, of the 
Geological Survey of Ireland.* 

To my mind, the origin or these red hoomatites may be 
clearly traced to metamorphic action induced by water, and 
I think Mr. Kendall has conclusively proved that in the 
Fumess district the haDmatites furnish not one particle of 
proof that they were the result of igneous action, either 
remote or contemporary in time, with the hccraatitos. 



♦ Tituifl. Royal Geo. Soc. Ireland. May, 1873. 
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Mr. Brockbank : I agree in every word that the United 
States Geologist says. The way I have described it is thus : 
the masses as we now find them are the result of ferruginous 
matter poured into the sea. You will readily see that if a 
hot ferruginous lava falls into the sea it is at once dispersed^ 
and its constitution is altered. It falls like the hot slag from 
a blast furnace, when run into cold water it would become 
broken up into a fine powder and would thus fall to the 
bottom of the Permian ocean, and we should consider it 
thereafter as a Permian deposit ; there are veins of haematite 
on Bow Fell, which show that the origin was igneous, 
theii there is evidence elsewhere of its having been 
re-deposited in water. 

The President : The view which Mr. Kendall has urged 
before us with so much force, and which has met with such 
an able — I won't say opponent, as Mr. Brockbank, is one 
which commends itself to my mind. If you examine Mr. 
Kendall's paper, page 262, fig. 17, you wiU see an important 
section, in which two beds of shale are continued from the 
limestone on one side of a vein of heomatite through the 
haematite into the limestone on the other side without being 
altered in the least. That section proves, to my mind, that 
the space now occupied by haomatite was occupied by lime- 
stone originally. Nor can it be doubted, that the 
cause by which the space is now occupied by haematite was 
a chemical and not a mechanical one, simply because, if it 
had been mechanical, these two layers of shale, which are 
continuous across, from side to side, would not now have been 
there. In that case, the whole of that hoUow would have 
been swept out bodily. Now the next point is : do we know 
of any chemical cause capable of producing that change now P 
About that there cannot be two opinions. Supposing that 
you have bicarbonate of iron in contact with carbonate of 
lime, what do you get ? You simply get the carbonate of 
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lime exchanged for carbonate of iron, and that carbonate of 
iron, by a series of changes and metamorphoses such as 
Professor Newberry mentions, would become hsdmatite. 

It seems to me that the igneous origin of the iron does 
not render Mr. Kendall's view imtenable. It is undoubtedly 
true that in the Permian age there were vast volcanic ejecta 
in Cumbria, Scotland, Ireland, and other places ; and it is 
very probable that those igneous out-bursts would cause 
the accumulation of a vast quantity of iron, which 
might subsequently be introduced into some of these 
places, just as Mr. Kendall has described. For my part, 
I do not see any discrepancy between the views which 
Mr. Brockbank has advanced and those which Mr. Kendall 
upholds : it rather seems to mo that Mr. Brockbank's facts 
would explain the sources of the iron, whilst Mr. Kendall's 
view would undoubtedly explain — and, so far as I know, no 
other view has ever yet explained — the presence of iron ore 
in such a state as we find it. Of course, in some cases, 
supposing Mr. Kendall's view to bo true, — supposing we 
have an antecedent hollow, or a cave, traversed by water 
charged with iron, a sort of iron stalactite, or kidney 
iron ore would be formed. For my part, I am fully 
inclined to believe that Mr. Kendall's chemical view is 
probably true ; and I further believe with Mr. Brockbank 
that the probable source of the great bulk of iron has 
been these igneous outbursts. In the basalts, a con- 
siderable quantity of iron occurs, and it is probable no 
doubt that the iron there present is partly that which 
has foimd its way eventually into such accumulations 
as these. 

Mr. G. C. Greenwell : I have formed an opinion as to 
the probability that all the hocmatite ores, or at least the 
great bulk of them, originally existed in the form of 



298 

carbonate of iron. I was told, during a recent visit to 
Gloucestershire, that such had actually proved, in a very 
notable instance, to have been the fact. A brown hoBmatite — 
it cannot be called the pure red haematite, — ^has been worked 
at Iron Acton : and they have, in prosecuting that vein 
downwards, got into bicarbonate of iron. 

Mr. Joseph Dickinson: I think, in criticising Mr. 
Kendall's paper, we should rather thank the writer for 
having given us such a collection of facts, deduced from his 
own observation, than expect him to have read every paper 
that has been read at the meetings of the Literary and Philo- 
sophical Society. With reference to some of the observations 
which have been made to-day, as to the hoomatite having 
been originally ejected from volcanoes, there is one startling 
fact which, to my mind, requires to be got rid of ; there is 
no haematite with which I am acquainted which is magnetic. 
Now, if you subject haematite even to a very moderate 
amount of heat, it at once becomes magnetic. How the 
theory of the ejection of the iron in a molten state, from a 
volcano, is to be reconciled with that fact I cannot perceive. 
The observations which I made at the previous meeting, 
when the paper was read, indicate the views which I hold 
on the formation of metalliferous deposits. For many years 
I have discarded the prevailing geological view of their 
having been carried or thrust into fissures either by water 
or volcano from some imaginary source, either above or 
below. I know what the geological views are, and am often 
pleased to hear and read the ingenious theories accounting 
for the formations as we find them in the earth. The 
changes which are going on by the action of water, air, and 
volcanoes arc undoubtable, and perhaps in no instance are 
they more apparent than in the important subsidences which 
have occurred, and are now occurring, from the solution of 
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rock-salt. My faith, however, is not so strong as to 
reconcile the views that strata of the thickness of several 
miles have, as is supposed, been swept away either by the 
action of water on the surface of the earth or by an iceberg 
acting as a gouge to chisel out when the denudation (as in 
the case of some of the lakes) is below sea level, with 
nothing but a few conglomerates or other totally dissimilar 
strata, such as chalk, to be assigned as the product of what 
has disappeared, with no recognisable resemblance either to 
the antecedent strata or to the drift which covers the present 
surface on nearly all low elevations. Some years, ago I 
explained to this Society the cosmic views which I hold, 
attributing the principal apparent changes to anterior 
causes when the whole of the planetary system was being 
matured, by which all the important features now geologi- 
cally attributed to denudation, upheaval, and such like, are 
to my mind much more satisfactorily accoimtable. Since I 
then announced my adherence to these old views, prismatic 
analysis (one of the most interesting discoveries of the age) 
has shown that the solar system is of the same material as 
this earth. This discovery, I need scarcely say, has 
strengthened the opinion which I had previously enter- 
tained from the evidences of the strata and covering drift 
only. 

The extensive vertical displacement of strata by faults 
amounting in one instance, in the immediate neighbourhood 
of Manchester, to 1000 yards, without any corresponding 
alteration to be seen on the surface. The fossils, whether of 
shells, fish, or plants, with their water habitat, and the 
reptiles with a like habitat for at least some period of their 
life, all bear witness to strata having been formed in water, 
and the faults, the cleavages, the contortions, the trap rocks, 
whether in dykes or partially stratified masses contiguous to 
dykes, from which they have apparently flowed, all agree in 
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showing that the stratifications, when they were being 
formed, were in a phistic state. All change did not then 
oease. The great change took place before the planet took 
its orbit, but the smaller changes to which I have alluded 
are stiU going on, and the crystals, which may be seen still 
forming in modern workings in mines where the process is 
not interrupted, show that subtle change is still in operation. 
It is by a view of the whole subject that the key is to be 
f oimd to unlock the secrets under which the metalliferous 
deposits were formed and are being transposed. As I lately 
read in The Mining Journal^ from a lecture by Professor 
Gladstone in explaining chemical affinity, silver is replaced 
in its salts by mercury, mercury by copper, copper by tin, 
tin by zinc, zinc by magnesium, magnesium by sodium. At 
the first moment, as he puts it, the action must be conceiYed 
as purely chemical, but after the first particles of the second 
metal have been deposited it becomes also voltaic. The 
current passes from the one metal to the growing and 
branching crystals of the other metal, and the liquid between 
is also placed in a peculiar competition of change, as the 
metallic particles arrange themselves symmetrically in one 
place, and their now partners enter into a new combination 
in another. I stated at the previous meeting that most of 
the principal deposits of haomatite iron^ ore are near the 
Permian and new Red Sandstone formations, which are 
impregnated with iron sufficient to supply the deposits ; and 
if I had time I could accumulate many other confirmationsy 
such as the ryder or gossan, found in the upper part of 
mineral veins, and the way in which limestone, where, a 
mineral vein passes through it, is found replaced with iron 
sometimes for several yards from the vein, and the connection 
by a thread which exists between a vein and a chum, or 
side flat of lead ore, as found in the mines of Cimiber- 
land, but I have said enough to indicate how, in my 
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opinion, the mineral deposits have been formed and are 
being transposed. 

Mr. Attken : It was not my intention, having spoken 
on this subjeot when Mr. Kendall's paper was read, to have 
occupied the time of this meeting, hoping, as I did, that 
certain points which seem to have escaped attention would 
have been spoken of by others. I must express my admira- 
tion of the valuable paper which Mr. Kendall has laid 
before this Society, and my opinion that in presenting it to us 
he has laid the Society imder a great obligation. In it he has 
not only furnished us with a most valuable and important 
body of facts, — such an array, indeed, as has not previously 
been brought together, in any one paper on this most inter- 
■esting subject ; but he has also reviewed the various theories 
that have been advanced by geologists who have paid 
attention to the subject for many years past. He 
discusses the aqueous theory, and I think, shows con- 
dusively by argimient and fact, that it is not tenable as it 
has hitherto been advocated. The igneous theory he also 
disposes of in an equally satisfactory manner. To-day, we 
have had present Mr. Brockbank, — a gentleman who has 
advocated the igneous theory, — and, so far as I understand 
Mr. Brockbank's previously expressed opinions, they are 
these : that iron, almost in the state we now find it, was 
ejected from volcanoes, in great masses ; that it fell into the 
ocean and was dispersed; and that it was eventually carried, 
by ice or by aqueous action, into caverns previously existing 
in the carboniferous limestone. The objection to that is, 
that nowhere do we find iron of the same purity as we find 
it in Fumess. In no part of the world do we find that 
volcanoes eject such materials; consequently there is 
necessitated the intervention of some chemical operation, 
subsequent to the volcanic outburst ; and Mr. Brockbank 
has not established his position, at all events, to my satis** 
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faction. I am aware that Mr. KendaU in discussing 
this matter, has omitted reference to the papers read some 
time ago by Mr. Binney, and referred to by that gentleman 
in his letter read to-day. Mr. Binney, as far as I under- 
stand, — I speak subject to correction, not having read the 
paper recently, — takes the ground that in volcanic eruptions 
masses were thrown out containing a large percentage 
of iron ; that this iron by subsequent chemical action 
became decomposed ; and that the ore was carried into 
fissures and caverns. It strikes me if we were to combine 
the theories of Mr. Kendall and Mr. Binney, we should 
come more nearly to accoimting for the way in which 
these hsDmatites have been produced, than is possible, 
perhaps, by either theory standing alone. If we take 
the volcanic ejecta, — ^which occurs on a large scale in 
the Lake district, and even as far south as the northern part 
of Fumess — ^and suppose, what I believe is perfectly true, 
that these ejecta contain a large proportion of iron ; if these 
were acted upon by water and by the atmosphere ; if they 
became mixed in the ocean, and were afterwards carried 
down, as Mr. Kendall describes, you might have produced 
that chemical action to which you have alluded. The two 
theories combined certainly explain more of the phenomena 
than, to my mind, can be explained by any one of the 
theories taken separately. One point has not been mentioned 
in the discussion to-day, which bears strongly in fevour of 
Mr. Kendall's supposition: it is, that in some parts of 
Fumess — ^at Lindal Moor, perhaps, more particiilarly — ^we 
find a considerable number of fossils imbedded in the 
haomatite ; and these fossils are themselves converted, in 
some cases, into pure haomatite — in other cases only partially 
so. If, as he stxites, the bicarbonate of iron came in contact 
with the carbonate of lime and decomposed it, setting free 
the carbonic acid, we should have a wasting and wearing 
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away of the Kmestone. The fossils embedded in the lime- 
stone, containing more silica than the body of the limestone, 
would be less acted upon by the carbonic acid, and therefore 
would be preserved longer than the limestone ; and these 
fossils would eventually drop out and become embedded in 
the sesquioxide of iron which is eventually jiroduced. I 
have put upon the table a few of the fossils obtained from 
Lindal Moor, which you will see, on examination, are all of 
carboniferous limestone ago. You will find one or two of 
them pure ha)matite, and I think that these show pretty 
conclusively, at all events, that these fissures could not have 
been filled up by bodies of molten iron, nor yet is it probable 
that the iron could have been carried in, as has been 
suggested, by icebergs or water. There is one other fact 
mentioned by Mr. Kendall, but not adverted to to-day, which 
strongly bears out this theory, I think, and that is tho 
intimate connection which exists between the limestone and 
the iron. Mr. Kendall states that in many j^laccs it is not 
possible to separate the two — that if you stiike off a piece 
of haematite you bring away also a portion of the limestone ; 
on striking off a piece of limestone, a piece of hsDmatito 
comes with it. Here is a specimen which I obtained in that 
district, and you will see that statement borne out by it. It 
seems as though a transmutation had taken place. The 
weakest part of Mr. Kendall's paper is his mode of 
accoimting for the occurrence of iron. With that I entirely 
disagree. He seems to attribute it to the Coal Measure 
period, when he assimies Fumess was covered by a thick 
mass of shales, charged with a very large quantity of iron. 
Now, shale is not permeable by water, or only very 
slightly so. Mr. Kendall recognises this as a serious 
difficidty . in the way of the iron contained in these 
shales being carried down to the limestone, and 
introduces the supposition that large faults occurred 
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tlirough which the water was conveyed, until it came in 
ontact with the limestone below. Now we know that, in most 
oases, faults are filled with clay and other impermeable 
substances, and it seems to me impossible that any large 
quantity of water could find its way down through those 
faults and it certainly could not penetrate the compact masses 
of shale such as we see in Coal Measure strata, even if rocks 
of this character ever overspread this area, which is 
extremely doubtful. I think Mr. Kendall, in that portion 
of his paper, has not established his theory. 

Mr. G. C. Greenwell, F.G.S., then read a paper on 
" Basalt." 

ON BASALT AND ITS EFFECTS. 

By G. C. Green^vell, F.G.S., M. Inst. C. E. 



As I am not acquainted with any instance of the occur- 
rence of basalt in the coalfields of Lancashire and Cheshire, 
and as I have had several opportunities of examining this 
rock, I think that a paper upon the subject will be of 
interest to the Society. 

" The term basalt (according to Lyell, " Elements of 
Geology," p. 593,) has been generally appUed to any trap 
rock of a black, bluish, or leaden-grey colour, having a 
imiform and compact texture. Most strictly, it consists of 
an intimate mixture of felspar, augite, and iron, to which a 
mineral of an olive green colour, called olivine, is often 
superadded, in distinct grains or nodular masses." 

Trap rocks are of volcanic origin, and are similar in their 
composition to many lavas, which are basaltic, as in 
Vesuvius and Auvergne (Lyell). 

The colour of basalt is generally greyish black passing 
into ash grey, brownish black and bluish black ; its fracture 
is coarse or fine grained, imeven or fine splintery : it is 
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amorphous, or tabular, or in columnar angular concretions 
from a few inches to 200 feet in length ; usually articulated, 
the articulation being formed by the convex end of one 
piece implanted in the concave end of the next : it is also 
foimd in globular masses composed of concentric lamella) of 
various sizes up to several feet in diameter. It is nearly 
equal in hardness to common glass, but possesses a degree 
of toughness which renders it difficult to be broken. It is 
scratched by the knife, giving a light grey streak; it« 
specific gravity is from 2*86 to 2*97. It is magnetic ; I 
have examined eleven specimens, and foimd their degree of 
magnetism to vary much : it is only a portion of the 
powdered material that is attracted by the magnet, and it is 
therefore probable that any magnetism in basalt is attribut- 
able to oxide of iron mechanically mixed with it. 

It melts with ease before the blow-pipe, without addition, 
into a black glass. 

The following is an analysis of the basalt of Staffa 
(which is similar to that of the Giant's Causeway), by Dr. 
Kennedy : — 

Silica 48 

Alumina 16 

Oxide of Iron 16 

Oxide of Manganese 

Lime 9 

Magnesia 

Soda 4 

Moisture and volatile matter . . . . 6 

99 

The chief British localities of basaltic rocks are, the 
Highlands of Scotland, Edinburgh, Northumberland, 
Durham, and Dudley ; they form the Giant's Causeway in 
Ireland. I shall now proceed to the description of basalt 
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and its effects, as seen in some of the above localities ; and 
first of the basalt of the Highlands of Scotland, and of 
Edinburgh. 

In the second volume of the Transactions of the Geolo- 
gical Society (1814), there is a contribution by Dr. 
MacCuUoch, " on the junction of trap and sandstone at 
Stirling Castle," in which the author says, " that he has 
been induced to preserve this notice and drawings of it, 
partly on accoimt of its decided and clear disposition, and 
partly, lest the same operations by which it was first exposed 
may, at no distant period, again remove or overwhelm it ; " 
and that, " it was in cutting a new road through the Castle 
hill, that the appearance in question was laid bare." 

The trap stratimi here consists of a dark bluish black 
compact greenstone where it is in contact with that part of 
the sandstone stratum which is exposed. 

The sandstone bed itself consists of different laminae, 
varying in colour, but generally slate coloured, yellowish, 
and grey. The thinner beds are separated. from each other 
by lamina) of a clay slate, very much confounded with the 
sandstone, and those two substances alternate frequently 
and irregularly till they approach the thicker beds, which 
lie in contact with the greenstone (basalt). As they 
approximate to it, they become more indurated and assume 
a texture approaching that of homstone : it is here of an 
ochre-brown colour : its fracture is conchoidal or splintery, 
with an even shining siu'face and the thin fragments 
transmit light. Dr. MacCuUoch further remarks the 
resemblance which this change bears to that gradation from 
sandstone to a jaspideous rock, which occurs in a similar 
situation at Salisbury Crag. 

In the same volume, (p. 388,) is a paper by Dr. Mac- 
CulIocL, entitled, ** Miscellaneous remarks accompanying a 
catalogue of specimens transmitted to the Geological 
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Society," in which there is mention made of a noble fafade 
of columnar trap, which, on the north side of the island of 
Gariveilan, near Skye, descends perpendicularly and with- 
out a break into the sea, rising to an estimated elevation 
of 200 feet. This, says Dr. MacuUoch, in picturesque effect 
and in continuous profimdity of shade, excels even the 
celebrated cliffs of Staffa. The columns are neither so 
regular nor so perpendicular as those of Staffa : a few here 
and there present nearly the same degree of regularity 
as those well known specimens on the south side of Arthur's 
Seat, at Edinburgh. 

This colonnade towards the west is so elevated as to allow 
an examination of several strata which lie beneath it. The 
lowermost bed is a dark purple hornstone, of which the 
thickness cannot be determined, as nothing is seen below it. 

Immediately above this lies a bed of rock about 20 feet 
in thickness, which is formed of globules, everywhere 
adhering together, which are occasionally compressed as if 
by a superincumbent weight, but are in many places 
absolutely spherical. 

This bed is covered by one of trap or greenstone, forming 
a parallel bed of a more considerable thickness ; it weathers 
so a« to exhibit distinct globular concretions, although in its 
entire state the eye can trace no difference between the 
amorphous portion and the colunmar mass above. This very 
common fact (observes Dr. MacCulloch) should serve to 
convince us how little information we can obtain of the true 
and fundamental structure of rocks from their natural frac- 
ture while in a state of integrity. 

In illustration of this, I may take the iron ore of the 
coral rag which is found at Westbury, in Wiltshire ; when 
this ore is covered by the Kimmeridge clay, it is a compact 
amorphous greenish rock, but when cropped up, so as only 
to be covered by two or three feet of light soil it is so far 
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disintegrated (having become peroxidized also) as to be a 
loosely coherent, oolitic, and ochry brown mass, which can in 
some cases be crush^ between the fingers. 

This bed of trap is followed by a bed of siliceous shale 
or flinty slate ; considered by Dr. MacCulloch to have been 
an argillaceous shale, altered and indurated in consequence 
of its proximity to greenstone. 

The last bed is the immense mass of columnar trap already 
mentioned, which surmoimts the whole. The character of 
this rock is not that of a greenstone, but an obscure mixture 
of hornblende, felspar and quartz. 

In volume V. of the Transactions of the Geological 
Society (p. 369) is a paper by Earl Compton, " On the rocks 
which occur along a portion of the south coast of the Isle of 
Mull." This paper describes some basaltic dikes and 
columns, but I quote it most particularly on account of the 
following passage : — 

"Between the House and Carseg, and the three whin 
dikes, there are, under high water mark, rocks on the 
shore of a very dark colour and micaceous texture contain- 
ing Cornua A^nnionis.*' 

My reason for making this quotation will be found 
further on. 

In the Vlllth volume of the Proceedings of the Geolo- 
gical Society, (Quarterly Journal,) Professor Nicol, (p. 417,) 
in referring to Dr. MacCulloch's map of Scotland, doubts 
the accuracy of the representation that there is any lias in 
that part of Cantyre near Caihpbeltown. 

The occurrence of lias, however, in connection with the 
basalt of this period is too frequent to render it so very 
unlikely to be found here. From the great similarity there 
is in the basaltic deposits and phenomena of the west of 
Scotland, as observed in Mull, StafFa, Gariveilan, and 
other places in Scotland, it seems at least probable that they 
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were all the result of one action ; and that the basalts of 
the north of Ireland were of the same date. And this date 
was posterior to that of the deposition of the chalk ; as is 
clearly shown at Dunluce, where the basalt lies immediately 
upon it. 

Salisbury Crag 550 feet, and Arthur's Seat 822 feet, 
above the level of the sea, are situated immediately to Uie 
east of Edinburgh ; they are prominent examples of the 
extensive trap formations of Mid-Lothian, which occur in 
the neighbourhood of the city. 

Salisbury Crag is formed of a mass of trap which has 
risen up and flowed over carboniferous strata, and in some 
places is overlaid by them also, showing that the trap has, 
as in the case of the whin sill of Teesdale, been interposed as 
a semi-stratum between portions of the pre-existent strata. 

In the case of the whin sill it is interposed between the 
strata of shales, sandstones and limestones of the carboniferous 
formation. A similar intrusion of trap occurs in the coal 
measures of Ayrshire. The sketch (Fig. 1.) shews the 
position of the basalt and the coal strata at Salisbury Crag. 
There are here fine examples of columnar arrangement ; the 
columns vary in length, thickness, number of their sides and 
position ; those of the upper portion of the mass being inclined 
at a great angle, while those of the lower part are horizontal. 

At the base of the basalt, a fine terrace walk has been 
excavated by cutting out a portion of the upper part of the 
slope, formed by the more perishable material of the coal 
and limestone shales ; and this enables the jimction of the 
basalt with the coal strata to be distinctly traced and 
examined. 

The basalt of Salisbury Crag is usually a compact green- 
stone : near the south* extremity of the Crag, both trap and 
carboniferous strata are thrown down about two feet by a 
fault, adjacent to which the greenstone is very dark in colour 
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and has the appearance of having again been subjected to 
heat, as it is more crystalline in its texture, the crystals 
apparently consisting of hornblende. In the shale beneath 
the basalt in some places arc both balls and thin bands of 
clay iron stone, both of which are in a red calcined state ; 
in another place and immediately contiguous to the basalt, is 
» bed of shale and sandstone mixed ; calcined red, and 
converted into a substance with a glistening and semicon- 
choidal fracture and of the character of jasper; this is 
probably the sandstone described by Dr. MacCulloch, and 
above referred to. Under the basalt, there is, in another place, 
a whitish grey sandstone which has been indurated to a 
condition (allied to quartz rock), which does not admit of its 
being scratched by a knife ; and again at anotlier 2)lace there 
is beneath and contiguous to the basalt, a bed of arenaceous 
limestone almost as highly indurated, and of a rather bluish 
grey colour. On reference to the specimen of the red 
jaspideous rock alluded to, examination of it with a good 
magnifying glass reveals some singularly b^iutiful 
phenomena ; it will be observed, that it is the siliceous rock 
that has been converted into the jasper, that side of the 
specimen being adjacent to the basalt : it will also be observed 
that there is a clear line of demarcation between the sand- 
stone and the shale, although there is no parting between the 
two. The most beautiful appearance, however, is that of 
three or four minute alternations of strata, distinctly marked 
by the varied action of the heat upon the substances of 
which they are composed ; and crossing these minute strata 
are tiny faults and dislocations, as perfect in their form, and 
as distinctly to be traced, as though the strata exposed were 
himdreds of feet in thickness, and the faults, hundreds of 
feet of displacement. 

The trap rocks between Salisbury Crag and Duddiugstone 
Loch are different from the basalt of Salisbury Crag. I had not 
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time to make a careful examination of them, but, generally 
speaking, they are of a red colour : amygdaloidal and por- 
phyritic : the amydaloid containing pebbles of quartz and 
crystals of common garnet. The porphyry is felspathic. 

Before leaving the basalts of Edinburgh, I shall make a 
remark or two upon another locality in the Lothians, where 
I have recently had an opportimity of making a few obser- 
vations. I now refer to the Garlton district, in the neigh- 
bourhood of Haddington. 

The basaltic rocks here are again different in composition 
from those already described, and seem to be of a somewhat 
more earthy character. I might say, that they are, in all 
probability, not purely igneous, but that they are more of 
the type of what might commonly be termed grauwacke. 
They have somewhat of the crystalline character of basalts 
and their associated rocks, but the usual lava like structure 
is wanting. I have a specimen from Garlton of a grey 
greenstone which is porphyritic and contains crystals of 
glassy felspar. I have also another from Garvald, where 
the rock is undoubtedly such a tufa as might be obtained 
from any recent volcanic eruption. West of Garvald there 
are quarries of red sandstone, the beds of which at this 
point dip to the north-west, and either pass imder or abut 
against the rocks above mentioned. 

Traversing these igneous rocks, or rocks affected by 
igneous action, are several veins of greater or less 
importance, containing red and brown haomatite, one of 
which is well developed and in progress of working at 
Garlton. The direction of this vein is about 30° east of 
south, and runs in the direction of Chesters quarry, (work- 
ing ordinary whinstonc for road and building purposes,) 
towards Garvald. 

The haomatite, where worked, is of an excellent character, 
and the vein varies in thickness from a few inches to eight 
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feet: the vein underlies or dips to the north-east, at an 
angle of about 75° with the horizon. The ore is botry- 
oidal and radiated. In the quarry at Chesters are some thin 
strings of brown hsomatite of fine quality, and there is a 
small quantity of white carbonate of iron also. I am 
induced to believe that where brown hscmatite is found in 
veins, the prosecution of these veins downward would lead 
to the discovery that in many cases they were originally 
veins of white carbonate of iron. 

The next observations which I have to make upon basalts 
are upon those in connection with the carboniferous system 
of the north of England, in which locality we have whinstone, 
as it is locally tenned, or basalt, in a great variety of 
interesting forms. 

It properly however divides itself into two classes : — 

First. Whore it is found in the condition simply of 
vertically intruded trap in the form of dikes or walls of 
basalt, without lateral spread. 

Second. Where it is found in the condition of lateral 
intrusion or surface overflow. 

Under the first head are included what, in the north of 
England, are known as whin dikes. 

As I have already, elsewhere, given an account of the 
greater number of these, it is unnecessary, in a paper like 
this, to go into any minute detail ; I will, therefore, merely 
confine myself to the description of general features. 

Whin dikes are walls of basalt, in most cases vertical or 
nearly so, which have been injected through the strata: 
they are of very variable thickness, different dikes being of 
different thicknesses, and the same dike seldom preserving 
the same thickness for any very great length of range : they 
are rarely accompanied by any considerable up or down- 
throw of the strata on their opposite sides — they indurate 
the shales and sand8tone^; in their vicinity and convert coal 
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where they pass through it, into a cinder of greater or less 
density. They usually contain a core, which consists of a 
oonfused debris, often of rolled stones and pebbles. The 
basalt of which they are composed is very similar in com- 
position to those above described, and is usually of a dark 
grey colour and of somewhat coarse textiire. 

Unlike ordinary faults of mere dislocation, they commonly 
preserve a uniform course throughout a great extent of 
coimtry. The largest in the coal field varies very little in 
direction from Oockfield in Durham, to Robin Hood's Bay 
in Yorkshire, a distance of not less than sixty miles. 

The Oockfield dike is in all probability in connection with 
the great whin sill or basaltic deposit of Tees Force ; it is 
traceable as a dike from the western Umit of the Durham 
coal field at Hill Houses, by Oockfield Fell, Bolam and 
Preston in Durham, and by Langbargh to near Robin Hood's 
Bay, Yorkshire. Its general direction is E.S.E. and W.N.AV.; 
the breadth is commonly about 60 feet as at Oockfield, 
Langbargh and Egton, but it diminishes to less than 30 
feet at the eastern extremity, and to 7^ feet at Butter- 
knowle colliery in the south-west part of the Durham 
coal field; at Bolam, after having risen through black 
shales, it expands over the surface, and rests upon the 
shale. The sides of the dike generally slope or hade do^\Ti- 
wards toward the north ; at Oockfield, this slope is one in 
five, and at Langbargh, about one in eight. At Oockfield, 
the dike is traversed by a slip fault, a downcast to the 
south-east of 24 yards, by which the coal measures are 
thrown down to that extent, and the dike is diverted its 
full breadth of 22 yards, out of its regidar course : this, 
I think, shews that hero the slip took place subsequently 
to the formation of the dike. 

Near Egton Bridge it stands up, a lofty wall, over the 
waters of the Esk, and beyond Silhouo Oross, it ranges along 
the moors like an ancient military road; but in a large portion 
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of its course, especially in the ^vide vale of the Tees, it is con- 
cealed bv alluvial accumulations. It is usuallv of a darkish 
grey, and is chiefly composed of olivine, carbonate of lime, 
mesotypo, and quartz ; and it has occasionally a tendency to 
prismatic structure. The formations divided by the dike, 
where it approaches the surface, are mountain limestone near 
Middleton ; coal measures at Butterknowle and Cockfield ; 
magnesian limestone and new red sandstone, in the south of 
Durham, and north-east of Yorkshire ; and lias, and oolite 
as it passes onward towards Robin Hood's Bay; shewing the 
protrusion to be subsequent to the date of the oolite. 

The strata passed through by the basaltic dike are 
more or less altered when in contact with it. 

At Cockfield, the Bitchburn seam of coal is much 
afiectod by the dike, the action extending to the distance 
of 50 yards from each side of it; near to the dike the coal is 
converted into a kind of concreted soot, and at the distance 
of 10 yards it is cindered — at 25 yards it is partly so, and 
it is 50 yards before the coal is in its natural condition. 

The efiect produced upon the coal of the Hutton seam 
by a whin dike at Haswell colliery (about seven miles east 
of Durham), is shewn by the following analyses made by 
Mr. H. Taylor.* 





Cinder Coal 
Adjoining Dike. 


Coal Sixty-three 
Yards from Dike. 


Haswell HatUm 
Seam. 




Including 
Ash. 


Deducting 
Ash. 


Including 
Ash. 


Deducting 
Ash. 

91-768 


Including 
Ash. 


Dodncting 
Ash. 


Carbon . . 


80-255 


92-888 


89-916 


84-284 


84-890 


Hydrogen. 


2-405 


2-783 


3-441 


3-511 


5-522 


5-561 


Nitrogen . . 


1-170 


1-354 


2129 


2-172 


. 2-075 


2-089 


Oxygen . . 


•923 


1-068 


1-228 


1-253 


6-223 


6-267 


Sulphur . . 


1-646 


1-905 


1-267 


1-298 


1-181 


1-189 


A sh .... 


13-601 
100-000 
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At Berwick, on the Tees, the white sandstone is so much 
indurated as to be unfit for masonry. In Kildale, the shale 
has been quite bleached, and in some places converted into 
scoria, and the iron ore appears as a loose^yellow ochre. At 
Egton Bridge, the blue lias shale is changed to a pale 
greenish yellow, and resembles jasper in hardness. 

There are several other whin dikes in Durham and 
Northumberland, but the description of the Cockfield dike 
just given affords a sufficient illustration of their general 
features and effects. 

Under the second head we notice trap or basaltic deposits 
which appear to owe their position to the intrusion of the 
same substance composing the dikes, and during its course 
of elevation from beneath, between or across strata previously 
in existence, and also to the overflow of the erupted 
material over large portions of the then surface of the 
earth. 

We have a remarkable instance of intruded basalt in the 
pseudo-stratum, well known in ihe whin sill of the west of 
Durham. This bed is of various thickness in different 
places ; at Cauldron Snout, a waterfall on the river Tees, it 
is nearly 60 yards ; at Dufton Fell, it is not more than 
15 yards, and at Hilton, in Westmoreland, it is about 
8 yards thick ; at AUenheads, it is 80 J yards in thickness. 

That tliis bed of basalt is not conformable with the 
carboniferous series with which it is connected, in Northum- 
berland, is inferred from its varying position, relatively, to 
certain well known limestones ; thus, at AUenheads, accord- 
ing to Mr. Sopwith, the top of the whin sill is 16 
yards imder the Tyne bottom, limestone and the bottom of 
it ten yards above the Jew limestone; whereas, according to 
Westgarth Forster, in another section it is only one yard 
under the Tyne bottom limestone and 24 yards above the 
Jew limestone ; it will be observed that there is (exclusive 
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of tho whin sill, which in the former section is 80J yards 
thick and in the latter only 40 yards,) not much 
diflFerence between the thickness of the ordinary strata 
between the limestones, this being in the former case 26 
yards and in the latter 25 yards. 

The late Mr. Nicholas Wood * says : " I am aware 
that by some the apparently detached masses of 
basalt, which cap several of the eminences of Northumber- 
land, have been considered as oyerlying masses. On a more 
attentive examination, however, and particularly in reference 
to the connection of this basalt with the beds previously 
traced, and also with the inferior limestone beds, it wiD, I 
trust, appear not only that the basalt of the lead measures, 
commonly called the whin sill, ought to be considered as a 
stratum, keeping nearly a determinate place in the series, 
but that the whole of the apparently detached masses of 
basalt in the county of Northumberland, (except those 
occurring in the shape of whin dikes,) are attributable to 
this bed of basalt." I make the above quotation on account 
of the position of the whinsill being mentioned as " nearly 
determinate,'' and as going to prove the diagonal manner 
in which the ordinary strata are crossed. There is little 
doubt, I think, now, that the whin or basaltic dikes and the 
whin sill, and the overlying masses of basalt are all con- 
nected together, but I should be very unwilling to agree 
that these overlying masses were formed in the same manner 
as the whin sill. 

I shall, as in the case of basaltic dikes, give one example 
of basalt in the form of a surface overflow, as seen at Ghm- 
nerton Crag, about five miles north of Hexham. (Fig. 2.) 

The basalt, which is here extensively quarried for road 
material, is in the face of the quarry, about 23 feet in thick- 

• Transactions of the Natural History Society of Nowcastle-upon-Tyne, 
Vol. I. 
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ness, but since the deposit dips and the surface rises to the 
north-east, it becomes thicker in that direction. Near the 
entrance of the quarry, on the south-west, the bottom of the 
basalt is 7 or 8 feet above the floor of the quarry, 
and immediately imder it is a stratum of shale, 5| feet 
thick, which is slightly indurated and whitened, and at 
3 feet above the bottom of the whin is a parting which 
for a short distance, contains a thin layer of shale which 
runs out at each end, and is, in one place, of the thickness 
of 12 inches. Immediately under the stratum of shale 
is a bed of blackish limestone partly altered and containing 
madrepores. 

The thickness of the limestone is not observable; it 
makes very bad lime; it dips under the basalt and crops out 
again to the surface about 300 yards to the south. The 
shale resembles the "Pencil Bed" of Mr. Sopworth's 
section,* and the limestone probably corresponds with the 
Jew limestone of the same section. In that section the 
thickness of the pencil bed is 10 yards, while at Gimnerton 
it is, as stated above, but 5^ feet. 

The basalt at Gimnerton is a compact green stone of a 
dark grey colour, much harder than that of Salisbury 
Crag, and not easily scratched by a knife. The shale is a 
light purplish grey, of very fine grain; it can be cut with a 
knife, and resembles slate pencU. The limestone is hard, 
sharp, and crystalline, and ■ with difficulty scratched by a 
knife. The specimen shown may be compared with those 
of basalt, Bhale, and limestone, from SaUsbury Crag. 

The overlying basalt is very prominent at Ratcheugh 
Crag, about 2^ miles E.N.E. from Alnwick, and at about 
the same distance west from the sea at Boulmer ; here the 
basalt is columnar, but its upper surface seems to be con- 

* Transactions of the North of England iDstitute of Mining Engineers, 
Vol. XIII. 
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formable with the strata of limestone whieh lie immediately 
above it, the dip being the same, viz., at an angle of 14° in 
the direction of south-east. The sketch (Fig. 3,) shows the 
position of the basalt with respect to the carboniferous 
strata : immediately overlying the bed of basalt is a bed of 
limestone, 10 inches thick; for 4 or 5 inches above the 
jimction the colour of the limestone is changed from dark 
grey to brou^Ti, and its texture is more compact and crystal- 
line ; this appearance gradimlly fades away in passing 
upwards, and at a distance of 6 or 7 inches from the 
junction the limestone assumes its usual characters.* 

As regards the basalt (green rock) of the South Staffordshire 
coalfield, it is unnecessary that I should make any remarks. 
I merely recall the attention of the Society to the communica- 
tion upon it made to them by Mr. Henry Johnson, of Dudley. 
(" Transactions," Volume VII.) The specimen of the basalt 
(Rowley rag,) now shown, is for the purpose of comparison 
with those from other localities ; it is more compact and close 
in texture than any of those yet described, and harder than 
any of them with the exception of that from Gunnerton 
Crag ; it is largely quarried as a road material, and exten- 
sively manufactured into setts, for road pavement. 

I shall conclude this paper, which has already become 
somewhat lengthy, with some account of the basalt of the 
North of Ireland, which I have recently had an oppor- 
tunity of observing at Portrush and at the Giant's 
Causeway. 

The basalt here seems to belong to that class which is 
more or less stratified — ^it exists as more than one intruded 
bed, and also in masses overlying formations of different 
ages, from the coal measures at Fairhead to the chalk near 



*F. Forstor, "Observations on Ratcheugh Crag," Transactions of the 
Natutal Ilifltory Society of Newcastlc-upon-T>Tir, 1830. 
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Diinluce Castle*; thereby apparently maintaining its rela- 
tionship to the whin dikes, whin sill, and overlying basalt 
of Northumberland and Durham, as well as to those of 
South Staffordshire and Scotland. 

At Portrush, the basalt is apparently stratified in con- 
formity with the lias, upon which it lies, and into which it 
is intruded. The lias shale, where in proximity to the 
basalt, is converted into a chert, so hard that it cannot be 
scratched by a knife, and from which, in consequence, it is 
impossible to separate the ammonites which it contains in 
great profusion. The basalt is variable in its character and 
is sometimes of a dull brownish colour, with small crystals 
of pyrites; sometimes of a grey and more crystalline 
texture ; and elsewhere it borders on granite, occasionally 
containing olivine in groat abundance : the specimens 
illustrate these characters of the basalt, and also of the lias, 
with its embedded fossils. 

On the upper surface of a bed of lias, and in a space of 
4| square feet, I counted fifty ammonites, varying from 
1 in. to 3 inches in diameter. Near Dunluce Castle, the 
road from Portrush to the Giant's Causeway rests upon chalk, 
of which the cliffs consist, and on the land side of the road 
is a quarry, from which chalk (or as it is called locally lime- 
stone) is worked ; and overlying the chalk is basalt. The 
chalk abounds in flints with sponges (see specimens), it is 
rather hard and the flint is of a lighter colour than usual. 
The basalt is coarse, darkish coloured and crystalline in tex- 
ture ; can be scratched with a knife, but is hard, it is 
considerably magnetic, and much resembles that found near 
the 2 feet fault in Salisbury Crag, already referred to. 

Passing eastward, the general character of the rocks 
changes, and on reaching tlie Giants Causeway we find that 

• Griffiths : " Geological and Mining Siirvoya of the Coal Disirictfl of 
the Counties of Tjrrono and Antrim." 
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the Cliff, approaching 400 feet in height, consists mainly of 
basalt interstratified in places with layers or beds of a red 
oxide of iron, of an ochry character. The general 
section of the cliff may be gathered from the sketch. (Fig. 4.) 

At the immediate base of the columnar basalt there is a 
deposit of red hydrated iron ore of fine quality. In Nos. 2 
and 6 the quantity does not seem large, but in No. 4 the 
quantity must be very considerable ; it is partially worked 
in the neighbourhood of Dunluce, and various explorations 
have been made for it about the Causeway, but its position 
seems to render it unavailable at present. 

The Causeway itself is a platform projecting into the 
sea. It has a rough and irregular surface, consisting of 
truncated basaltic columns ; these vary in size and also in 
shape, and none of them that I measured were regular 
polygons. (Fig. 5.) 

An irregular octagonal column measured in one diameter, 
from side to side, 24J inches, and in another 19^ inches. 
The columns arc jointed at varying distances of 2, 3, 
or 4 feet, the joints being at right angles to the axes of 
the columns ; sometimes the plane of the upper portion of 
the column is convex, fitting into the concave plane of that 
on which it rests, and sometimes the reverse. 

In many parts of the range the basalt consists of roimded 
concretions, which, when partly decomposed, display a 
lamellar structure. 

The crystalline or columnar form- has been considered to 
be due to the compression of these concretions, and this 
conclusion has been arrived at as a deduction from an 
experiment by Mr. Gregorj'^ Watt, and described in the 
" Philosophical Transactions," of 1804, p. 279. 

The experiment consisted in fusing seven hundredweight 
of Rowley ragstone (of which a specimen is exhibited) for 
six hours, and allowing it to cool so slowly that eight days 
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elapsed before it was removed from the furnace. The mass 
was wedge-shaped, 4J feet long, 2 J feet wide, li feet at one 
end and 4 inches at the other. Where the mass was thinnest 
and the cooling most rapid, the texture was vitreous or 
glassy ; where it was thickest and the cooh'ng slowest, it was 
stony ; while the intermediate parts exhibited a transition 
state. Numerous spheroids had been formed; where two 
came in contact they were compressed, and when several 
met they formed prisms. It may freely be admitted that 
this experiment may give a clue to such phenomena as we 
find displayed at the Giant's Causeway, Staffa, and else- 
where, but that it accounts for them is probably too much 
to be granted. We can hardly conceive, since the same 
colimm is uniform, or thereabouts, throughout its length, 
but different in dimensions from its neighbour, which is 
also uniform, that such a regular arrangement of spheroids 
of unequal size should take place, as that those of the same 
dimensions should have been so placed that their axes 
should be in one continuous line, which would be absolutely 
essential to produce the result which we see. 

I do not think it necessary to deduce from the experiment 
that the spheroids were formed first and then compressed 
into prisms ; it is more probable, I think, that the prisms of 
the experiment were the result of the slower cooling of that 
portion of the fused basalt; and that in the case of the 
natural colimms, it is equally probable that if the cooling 
had been still slower, there would not have been any 
concave and convex joints at all. 

By an examination of a portion of the cliff where the 
columns are not regidar, and where they pass upwards into 
amorphous whin, we observe a gradual passage from the 
columnar to the amorphous form, and it is, to say the least, 
highly probable that if these rude columns were pursued 
downwards, they would be found to become more and more 
perfect in their shapes 
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^here may have been crystallization in the ordinary 
sense^ but who shall say P 

The basalt of the columns is of a dark grey colour, of 
very fine texture, and great hardness, being in this respect 
nearly as hard as that from Qunnerton, and somewhat 
harder than that from Dudley (Rowley rag). 

East from the Giant's Causeway, the basalt rests upon 
coal measures. 

Further to the east, the strata belonging to the coal 
formation are no longer visible in the face of the precipice^ 
the base of which is entirely covered by huge fragments of 
rudely columnar trap, which have fallen from the cliflf of 
Fair Head, of which the summit is 535 feet above the level 
of the sea, and of this height the upper 300 feet consist of 
columnar basalt. 

The columnar basalt of Fair Head, and the coal strata 
which lie below it, extend eastward as far as the Grey Man's 
Path — a deep incision formed in the face of the precipice by 
the disintegration of a whin dike, which in this place 
traverses both the greenstone and the coal strata. 

The strata visible in the face of the cliff, about 300 yards 

to the south-east of the Grey Man's Path, conmiencing 

from the top, consist of 

Feet Inches. 

Highly crystalline columnar greenstone, columns 

frequently 20 feet square, about 200 

Black shale, about 50 

Non-flaming carbonaceous coal 2 6 

Black shale, highly indurated, passing into 

flint slate 3 

Second range of basaltic colimms, composed of 
highly crystalline greenstone, the crystals 
of hornblende smaller than in the upper 
range ; the columns vary from two to three 
feet in diameter 50 
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Feet. Inches. 

Indurated black and grey shale 4 

Third range of basaltic columns, highly crystal- 
line greenstone, very fine grained, columns 

imperfect, about 6 inches in diameter 3 

Indurated black shale, with thin layers of non- 
flaming coal between the lower layers 8 

Impure non-flaming coal, containing bands of 

black shale 5 

Black shale 10 

Yellowish grey shale 30 

Black shale 20 

385 6 
In a coloured section of the strata of the cliffs in 
Murlough Bay,* given in the above Survey, we find that the 
upper bed of basalt lies upon the coal strata imconf ormably, 
while the second bed appears to be conformable with the 
coal strata between which it has been interposed. 



Considering the area which has been embraced in this 
paper, and the great identification which appears to have 
existed between the results produced in the various districts, 
it is probably not illogical to conclude that at one period an 
enormous volcanic action was taking place. This action in 
the districts referred to must have extended over an area of 
many thousand square miles. 



A vote of thanks to Mr. Greenwell for his paper was 
unanimously passed. 

It was resolved that discussion upon the paper should be 
postponed until the next ordinary meeting. 



* Griffiths : ** Geological and Mlmng Surveys of Tyrone and Antrim," 1829. 
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Specimens Exhibited. 

A collection of fossils, (carboniferous limestone), which 
had been taken from haBmatite beds, near Fumess; 
exhibited by Mr. Aitken. 

A collection of basalts, traps, and other igneous rocks, to 
illustrate his paper, e^Uiibited by Mr. Gkeenwell. 
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TRANSACTIONS 

OP THE 

MANCHESTER GEOLOGICAL SOCIETY. 

« 

Pabt X. Vol. XIII. Session 1874-6. 

At the Ordinary Meeting of the Society, held on 
Tuesday, 23rd March, 1875. 

The President, (Professor Boyd Dawkins), being absent, 
Mr. Dickinson, F.G.S., was requested to take the Chair. 

The minutes of the previous meeting having been 
approved, Mr. A. H. Diggle, Hindley Green Colliery, 
"West Leigh ; and Mr. W. S. Barrett, Norley Coal and Cannel 
Company, were elected Ordinary Members of the Society. 

The Late Mr. T. T. Wilkinson and Mr. T. E. Forster. 



The Chairman said : Death has of late been rather busy 
amongst the Members of this Society. In addition to the 
distinguished names of Sir C. Lyell, and others, brought 
before your notice a little while ago, I have now to mention 
two, namely — ^those of Mr. T. T. Wilkinson and Mr. Thos. 
Emerson Forster. Mr. Wilkinson, it seems, was recently 
re-elected an Ordinary Member of this Society. He was for 
many years, second master of the Burnley Grammar School, 
and was held in high esteem for his varied attainments, 
especially in Astronomy and Mathematics ; but he was best 
known by his valued contributions to the knowledge of the 
antiquities, and folk-lore of Lancashire. He studied the 
geology about Burnley — ^upon which he has written several 
papers. Mr. Forster was a gentleman well-known to, I thinlc 
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every mining engineer in this kingdom. He was, perhaps, 
one of the most brilliant examples that the rising men in 
the mining profession had before them. As a thoroughly 
practical man, relying almost solely upon his own application, 
he raised himself up, from an ordinary sphere certainly to 
the top of the tree, amongst colliery managers, and, he 
believed, not only conferred inestimable benefit on the 
practical part of mining, but also realized a considerable 
fortune to himself in doing so. 

The Discussion upon Mr. Greenwell's paper on " Basalt^'' 
read at the previous meeting, was then opened by 

Mr. Plant, who said: It is imfortunate that Mr. 
Qreenwell is not here to take part in this discxission. The 
subject is one which presents many points for discussion, 
although Mr. Greenwell, in his paper, has not offered 
any controversial views about the origin of basalt, or 
any opinion, which can be controverted. So far, the paper 
is an excellent contribution to the features which distinguish 
those localities which Mr. Greenwell has himself observed, 
but there is, at the present moment, in the geological 
world, a discussion going on with reference to the prismatic 
character attaching to many of these basalts. Mr. Bobert 
Mallett has very recently, read an elaborate paper upon this 
subject, and although the views which he advances are not 
new, he has laid it down as sufficient to explain the 
phenomena of these prismatic columns that they have been 
primarily formed by the contraction of the basalt in the 
course of cooling from a highly heated state. 

I believe that all the salient phenomena of prismatic 
basalt, as observed in a large number of basaltic districts, 
can be accounted for as results of contraction by cooling in 
a homogeneous body, not only basalt, but in starch, in 
common clay, lime, and china clay. If a mass of these 
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materials, sofidified on the surface, but still in a state of great 
heat within, loses its heat gradually, so that the interior also 
gradually soUdifies, it will in the course of cooling contract, 
and the contraction of a body not extensible, involyes 
splitting up in some direction or other, no doubt in the line 
of least resistance, or that line in which there is the least 
amount of splitting or cracking to do; this has been conclu- 
sively shown by many experiments to be at a TniTiiTmiTp 
when it takes an hexagonal form, just as it has been shown 
in the hexagonal form of the cells of bees, most space is 
obtained with least wax, so in basalt, &c., hexagons give the 
most contraction with the least amount of cracking. 

Probably, Mr. Gregory Watts initial experiments in 1804, 
have not sustained their original value to the present time, 
and are not applicable under modem research into the origin 
of columnar basalt. But yet it does not upset the fact that 
there are many instances known in nature, where concre- 
tionary spheroid or " ozxion stones " have resulted from the 
cooling of volcanic lavas. In the small specimen which I 
exhibit it will be seen that there are about a dozen prismatic 
columns formed in a piece of sandstone which had been 
subjected to the heat of a furnace for some time, and then 
allowed to cool gradually. It simulates the appearance of 
the columnar basalt of the Giant's Causeway, and Staffa, 
and is a good illustration of the result of cooling in a 
homogeneous substance like sandstone; but it is not 
imcommon to find this hexagonal structure in nodules of 
ironstone, hydraulic limestone and clays, which have been 
made into polygons by a cool process of vaporation of their 
moisture. I do not think it requires a heated condition at 
all to effect the appearance of a jointed prismatic structure 
in mineral substances. 

In 1863, I read a paper to the Society, " On the effects 
produced on Rowley Rag by heat," As this is one of the 
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basalts mentioned by Mr. Greenwell in his paper, I have 
brought a few specimens, which exhibit the extraordinary 
difference in the results, f roifi rapid and from slow cooling, 
in Bowley Eag basalt when melted, in slow cooling it is 
almost unchanged from its original state, whilst in rapid 
cooling it is converted into a jet black obsidian, and can 
be moidded, rolled, and cast into any form. 

Mr. AiTKEN said : I quite agree with Mr. Plant's obser- 
vation that Mr. Greenwell does not, in his paper, enter into 
any question likely to create very extended discussion, for 
no definite theories are advanced as to the way in which 
basaltic prisms have been formed, nor does the writer 
attempt to deal with the que^on in a very general manner. 
He has embodied in his paper a considerable number of very 
interesting facts, which bring the position and character of 
the various outbursts of trap rock before us in a connected and 
systematic form. I should have been glad if Mr. Greenwell 
had gone a little further into the question of the causes — or 
the forces — that have been at work in producing theise 
various characters of basaltic matter which we find in 
various places. Previous to hearing Mr. Plant's remarks 
upon this subject, I had from my own observation, and 
from a paper which I heard read at the British Association 
in Belfast, last autumn, come to the conclusion that the 
prismatic columns of the Giant's Causeway and elsewhere, 
arose from the mechanical conditions of heating and cooling, 
expansion and contraction. If we attribute their forma- 
tion to the mode suggested by the observations upon 
this subject by Mr. Gregory Watt to spheroids in a 
molten, on semi-molten state, which by compression 
in the cooling process became hexagons or polygons, I 
think, if we follow out the idea there thrown out, so many 
difficulties will present themselves that we shall find our- 
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selves compelled to abandon tliat as a theory meeting all the 
requirements of the varjring characters which we find these 
columns to assimie. It is impossible, I think, to assimie, 
provided these spheroids were formed in the course of 
cooling, that they should assimie an axis directly in a line 
with each other, and that they should be all of equal size so 
as to produce columns 60, 80, and even 100 feet in 
length, with no interruption to their regularity beyond 
that of their partially laminated character, as repre- 
sented by the joints which occur at various intervals. 
Now, if we examine the basaltic outbursts (of which 
there are undoubtedly three) at the Giant's Causeway, one 
overlying another, and these resting upon matter composed 
of red, irony compoimds, which are said to represent land 
surfaces, and which are presumed to show long periods of 
rest — 'if we examine these we shall find that they are 
columnar at the bottom, and towards the top they become 
amorphous, or broken up, and lose their regularity of 
structure. It seems to me that this peculiar character can be 
accounted for on the assimiption that this material assumes 
different forms in cooling with diflferent degrees of rapidity. 
The lower parts of the structures, as a rule, form prisms in 
a more perfect degree and order than those near the top, where 
they would naturally cool most rapidly ; and as one passes 
gradually into the other, we are led to infer — ^and I think 
reasonably — ^that this is, somehow or other, connected with 
the mode in which the matter has cooled. Hence I have 
come, on independent grounds, to the same conclusion as 
that arrived at by Mr. Plant, and which he has so well 
illustrated, by the facts which he has laid before the meeting. 
I have often been struck by the fact that if you take a piece 
of carboniferous shale — fine, laminated stale, with which 
members must be familiar — ^from its parent rock, and 
subject it to the sun in summer, after a few days' exposure 
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you will find the whole surface reticulated very much in the 
way illustrated by some of the specimens on the table, 
these in some cases produce beautiful hexagonal, or poly- 
gonal forms, and that is done purely and solely by 
the action of the sun's rays, the heat and contraction 
producing fractures in a precisely similar way to that men- 
tioned by Mr. Plant as occurring in clay, in concretionary 
nodules, and in the red sandstone which has been exposed 
to heat and afterwards allowed to cool. In this specimen 
(sandstone from the lining of a furnace) it is evident one 
portion has become much more columnar in form — ^more 
prismatic — ^than another; and thf| reason is, that one portion 
of it has been exposed very n^ich more to the heat than the 
other portion. It has consequently assumed this particular 
form in consequence of the \mequal heat and rate of 
cooling to which it has been subjected : you find the prismatic 
character does not pass through the entire body of the 
material ; and that, I conclude, is one of the best illustra- 
tions that could be presented of the way in which it is 
probable prismatic basaltic columns have been formed. 
Mr. Greenwell mentions the occurrence of ironstone: I 
should like had he been here, to have asked him whether 
this occurs in veins or interlaminated with the basalt. 
Almost all the basalts with which I am acquainted contain 
layers of iron ; it is generally interlaminated ; but Mr. 
Greenwell, whether intentionally or not, refers to "veins" 
of haamatite occurring at Garlton, in Scotland, dipping at an 
angle of about 75 degrees. To me it would be an interesting 
fact if this is an actual vein of haematite broken through 
and inserted into the rock in a line at variance with its 
stratification. Mr. Greenwell's reference to the dike near 
Egton Bridge — which he describes as standing up above 
the ground like an ancient military road traversing 
the country — reminds me very much of a dike of this 
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character whicli I saw in the State of Utah, T7.S.A., about 
three years ago, when passing along the Union Pacific 
Railway. It occurred near Salt Lake City, and penetrated 
the rocks in that district, in a vertical position, and its 
peculiarity consisted in the fact that it formed two parallel 
lines, or walls, six or eight feet apart, and of equal 
height, running up the steep hillside, as far as the 
eye could reach, leaving a hollow space between the 
two, so that a person might — ^if the side of the hill 
were not too steep — walk up with perfect safety, and 
concealed from observation on either side. It is the most 
extraordinary formation of a dike that I had ever seen, or 
heard described. It is named the Devil's Slide. The Guides 
sold on the Union Pacific Railway give a figiire of it, and 
it is one of the objects pointed out to travellers in passing 
down the magnificent gorge of the Echo Canon. 

The Chairman : I see by the line the discussion has 
taken that you seem inclined to consider that the whole of 
these forms are due to contractions in cooling, and perhaps 
one explanation is as good as another in the absence of 
proof ; but we find that each mineral has its own particular 
form which it takes in crystallising ; and it is only fair to 
assume that this trap rock, like every other matter that we 
meet with in the earth, has its particular form also. They 
are rude crystals, but all on one and the same principle ; but 
as to the circumstances under which they have taken that 
form we have not yet, perhaps, sufficient data to decide. I 
was rather surprised to hear Mr. Aitken say that he had 
met with columns 60, 80, or 100 feet in length, without 
break, in the North of Ireland. 

Mr. Aitken : I said without interruption to the regularity 
of the column ; but there were breaks across the columns. 
I did not mean one entire stone of the length named. 



The Chairman: I noticed the word "break" as being 
rather surprising, because I do not know of any column so 
long as that. I think, perhaps 63 feet is the highest bed of 
stratified whin there that I know of. The longest column of 
the Giant's Causeway certainly does not approach any one of 
the numbers named. Then, as to the " veins" of iron ore that 
Mr. Greenwell alluded to : I have no doubt that he meant 
veins, or lodes, in contradistinction to any stratified bed, 
because I know this of my own knowledge, that the veins 
of Cumberland do run down through the whin sill the same 
as through any other strata. 

If any theory is to be built upon that, I think it must be 
considered as wholly untenable. It requires a pretty good 
knowledge of geography, as well as geology, to follow Mr. 
Greenwell in the elaborate description which he gives in his 
paper on Basalt. Collecting his views together, he appears 
to consider that the whin or basalt has been injected from 
below into the dikes, and that the floating or partially 
stratified whin, called whin sills, are overflows, the 
component parts of both the dikes and sills being some- 
times composed of rounded concretions and the sills 
sometimes columnar ; but he carefully guards himself 
against assimiing definitely that all the overlying masses 
of whin — ^naming some in Northimiberland — ^have been 
formed in the same manner as the whin silL The crystalline 
structure he also notices as being more earthy in some 
basalts than others, and these, he thinks, may perhaps not 
be of igneous origin ; but he gives an analysis of the Staffii 
basalt, showing no carbonic acid, unless it be included with 
the 6 per cent, of moisture and volatile matter ; and, on the 
whole, he evidently inclines to the conclusion of an igneous 
origin and identity with lava. It is, so far as I am aware, 
a fact, that where whin dikes do not exist there are no 
whin sills. The absence of whin dikes in the Lancashire 
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coal fieldy which Mr. Greenwell names, is an example of 
this ; and the South Wales, Forest of Dean, and other coal 
fields might be added. No mention is made in the paper of 
chimneys, such as may be seen on some geological sections, 
but which, except so far as whin dikes may be so termed, 
are apparently only imaginary. The description also of the 
altered effect which is to be seen in rocks near to basalt, I 
also accept as correct, without comment. It is in the 
admission that all overlying masses of whin may not have 
been formed in the same manner as the whin sill, and the 
doubt as to the igneous origin of the former that the 
theory of formation of the latter by igneous origin is most 
vulnerable. The analysis given may, or may not, be strictly 
correct. I have tested basalt from beds of floating whin, and 
I find that in at least some of them carbonic acid is present, 
and I have inferred from that it would be in union with the 
lime as an impure carbonate and with the iron as an impure 
proto-carbonate, and I have never been able to reconcile such 
a state of things with the idea of such rock having been 
in a molten state. Its melting into a black glass and losing 
all the previous crystalline structure when exposed to a 
strong heat is also difficult, if not impossible, to reconcile 
with an igneous origin. The melting of the mass of Rowley 
ragstone and the different effects observed on cooling, and 
another observation, that columnar structure when so formed 
is at right angles to the direction in which the mass has 
been cooled, may explain a portion of what is wanted to be 
known, but not all. I have assayed the whin sill in the 
crucible with a little charcoal as a re-agent, and I find it 
easy to run the iron into a button and the other constituent 
parts into a covering glass. There is also often a difference 
to be readily seen between the crystalline structure of the 
whin from a dike and that from a sill, that from the diko 
being generally finer grained and harder than that of the 
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bedy and making mnch better road metal than that of the 
bed. The stratification which sometimes accompanies some 
of the beds of whin is also remarkable. In the North of 
Ireland, the bed of iron ore which is now being extensively 
worked has whin for the roof and inferior iron ore under- 
neath, and below that a bed of variegated earth, called 
Lithomarge, which is occasionally worked and used as a 
flux. There is also a stratified bed of lignite. But neither 
in the iron ore or the lignite mines, nor at the outcrops, is 
there any appearance whatever that I have seen of any 
fluxing such as is produced either in the crucible, furnace, 
or volcano. In the midst of the cliff of the amphitheatre 
around, the Giant's Causeway, which Mr. Greenwdl 
describes as passing upwards from columnar to amorphous 
whin, the bed of lignite forms part of the Cliff. Some time 
ago I visited the trial there in the lignite, which I climbed 
up to with a guide, and I made a sketch of it, of which this 
is a copy : — 

Basalt. 

Brownish red thin bed. 

Lignite, to 6 feet. 

BrUgged basalt, with balls of agate. 

Bed groimd and iron ore. 

Thin bed of red ochre. 

On the same day, near the iron ore drift at Portf ad, about 
2J miles east of the Giant's Causeway, I sketched the Cliff 
at Plaskinhead, taking the thickness, which appeared to be 
correct, from what the guide named : — 

Basalt, 60 feet. 

Brown earth. 

Rugged basalt, with agate nodules, 60 feet. 

Columnar basalt, 45 feet. 

Bed iron ore and red ground, about 40 f eet^ 
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Basalt 

Brown and red earth 

Basalt 

Wliite and red earth 

Basalt 

White earth 

Basalt 



y 212 feet. 



Basalt 

Bred and white earth 

Basalt 

Bed ochre 

Basalt 

Level of the Sea, 
Where the basalt rests upon the chalk limestone the same 
peculiar indents are to be seen, such as the gravel makes 
into the chalk in England. This I consider a very noticeable 
feature, and not more referable in one instance than in the 
other to volcanic action. To what then, if not volcanic, are 
we to attribute the altered character of the rocks when near 
to the whin P Here I think further data is required before 
reliable conclusions can be arrived at. Mr. Greenwell wdl 
describes the rounded structure like rolled stones and 
pebbles, as well as columns, which the whin both in dikes 
and sills assumes ; and a discussion which I read a few days 
ago in the abstracts of the " Proceedings of the Geological 
"Society of London" may help in arriving at the cause* 
Mr. £!och said, " he thought steam, charged with fluoric 
"acid, had played a great part in the formation and 
" alteration of dikes and veins. He had found that granite 
« could be depriyed of ita mica and felspar by this re-agent, 
"and that its quartz crystals became rounded, just as 
"in the elvans. The Cornish elvans, and the minerals 
'' associated with them, all contained traces of fluorine. He 
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*' had found that a very small percentage of fluorine coidd 
" effect great alteration in crystalline rocks, giving rise to a 
" peculiar structure and the formation of a certain class of 
" minerals — e,g,y tourmaline, fluor spar, lepidolite, &c. ; in 
*' short, the usual mineraU- accompanjring elvans and tin 
"lodes." Adding these to some of the views which I 
offered in discussion on Mrj Kendall's paper on the Forma- 
tion of Ilematite Deposits, at our meeting last month, we 
have apparently the bases upon which to account for the 
formation of basalts and also of the conglomerates. The 
whin sills of Scotland, the North of England, Derbyshire, 
Staffordshire, and the North of Ireland, have a distinctive 
character. With our present knowledge, I do not think we 
can safely pronoxmce whether these rocks h^ve been altered 
by voltaic and chemical changes communicated by the dikes 
with which they appear to be connected to the primitive 
rocks which form the skeleton on which the stratified beds 
rest, or whether they are overflows which have come up the 
dikes. A very large portion, however, of the basalts in 
the North of Ireland is not analogous to the whin sill, but 
are, so far as my observations have extended, merely altered 
strata corresponding with the lias, and overlying formations 
in England. 

Mr. Plant : I have no desire to prolong the discussion, 
but I must take exception to the observation, with 
regard to the character you ascribe to basalt, as being that 
which belongs to its nature — ^meaning that every class of 
rock has some unchan^ng character by which it can 
always be recognised. I think the knowledge we possess of 
the structure of rocks is, so far as basalt is concerned, quite 
against such an opinion, basalt assumes, perhaps, as great 
a variety of colour, of crystallisation, and of form, as it is 
possible to conceive of any rock in existence, and these 
prismatic columns are simply the result of peculiar drcumo 
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stances in one part of the cooling of the mass of heated 
eruptive matter. That the hexagonal form does not 
belong to basalt alone, is proved by the specimens I have 
put upon the table. The specimen of sandstone shows that 
prismatic columns can be produced by heating sandstone. 
The sample of starch also shows it clearly, and I have 
mentioned instances where clays, limes, and hydraulic 
cements all display themselves in prismatic columns when 
the circumstances are favourable. 

The Chairman : I did not mean it to be inferred that 
every rock has a distinct crystallisation. I was speaking 
generally. The laws of crystallography are such as enable 
us to identify many rocks simply by the crystals. 



Mr. C. Hardwick : I have some specimens of a rock which 
has been called graphic granite by its discoverers. It was 
met with in some mining operations, at Glyn Ceiriog, in 
the upper Silurian formation. There is an abundance of 
good massive felspar in the locality, but I am not aware 
that any rock of this kind had previously been observed 
there. I do not think it properly described by calling it a 
granite. It appeared more like a homblendic trap. 

Mr. Aftken said he saw nothing like granite in any 
of the specimens on the table ; they were all felspars and 
homblendic trap rocks. 

Mr. Plant : The specimens before the meeting have but 
little claim to be called granite in any sense; they are 
imdoubtedly greenstones or homblendic traps. One of the 
specimens reminds me of a greenstone which is worked at 
Bowdon, on Chamwood Forest, and the whole appear very 
similar to the dark greenish traps, so common in North 
Wales, composed of blackish hornblende and greenish 
felspar, in small, indistinct crystals, the whole finely veined 
with calc spar, it may be a new locality for this greenstone, 
but the rock is very well known. 
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Mr. J. Plant read tho following paper : — 

ON THE OEIGIN OF SOME ARENACEOUS 

NODULES IN COAL-MEASURE 

SANDSTONES. 



At the June meeting of the Society, last year, in the 
course of a paper which I read "On Quartzite Boulders 
" found embedded in Coal," which I endeavoured to show 
were probably of glacial origin,* I alluded, amongst others, 
to nodules which were of frequent occurrence in the sand- 
stones of the Coal MeasiLres, which resemble hardened balls 
lying within the hard sandstone. These nodides are of 
moderate size, running from a walnut to a cricket ball, and 
in nearly every specimen I have seen, appear obliquely, but 
slightly crushed from a spheroid form, externally marked 
with rings of slightly raised ridges, as though they were 
roughly turned in a lathe, these external ridges have no 
relation to the internal structure of the nodules, and do not, 
I believe, belong to the lines showing the sedimentary 
layers in the sandstone beds. These nodules occur most 
frequently in the fine, hard sandstones, such as are used 

* At the time of reading my paper *' On the Quartzite Boulders," I waa 
quite ignorant of the existence of a paper by Mr. Binney, which is printed 
in tho Memoirs of tho Literary and Philosophical Society of Manchester, 
Vol. IX., second series, 1851, ** A Description of some supposed Meteorites 
found in Seams of Coal," in -which are figured several of these qaart&te 
boulders, and the paper gives an interesting account of their mode of 
occurrence in the coal, their origin being considered by the author as 
meteoric during tho carboniferous times. This supposition of their origin 
would be altogether at variance with tho present exact knowledge of the 
composition of meteoric stones, of which no instance is known of a pure 
cr^^stoUino quartz, or compact quartzite, such as these boulders consist of, to 
be exhibited by true meteorites ; besides which, those quartzite boulders 
have not the slightest trace of igneous action, externally or internally. My 
claim for their origin is a gUcial one, as d^scribod iu my paper. 
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for buildings and stair-landings, and when the stone is 
worked to a fino surface, the sections of the nodules are 
seen as brownish markings of faint concentric rings. In 
working the stone the nodule frequently becomes loosened, 
and fall out as cleanly as do the quartz pebbles from the 
pebble beds of the new red sandstone. These nodules rarely 
differ in texture from the sandstone matrix, of which they 
are really fon^ied. The only difference lies in their colour, 
which is often a deep brownish red, and contrasts forcibly 
with the lighter colour of these building stones. When a 
section of a nodule is carefully ground, it exhibits a series 
of light and dark rings encircling a central nucleus, and the 
nucleus shapes are in most specimens rather indistinct, when 
contrasted with the regular rings. The rings have not the 
remotest appearance of a coated growth, such as is so 
common in oblong nodular ironstones and clay — ironstones 
from the Coal Measure shales, — and it is not possible to 
break one of these globular nodules along the periphery of 
a ring, and they never weather in such a way as to show that 
their formation was originally due to the accumulation of a 
succession of layers cementing around a central nucleus, it is 
rarely that any organic fragments are foimd within these 
nodules, when it is so, the leaf of fragment of plant stem never 
forms the central nucleus. The nodules externally, might 
suggest an origin like that of a ball of sand cemented by 
the oxide of iron, but the external ridges are difficult to 
account for by any kind of rolling motion, and even were it to 
be regarded as a nodule produced by motion, the internal 
structure will never be reconciled by this mode of origin. 

After careful examination of a large number of these 
nodules, I have concluded to regard them as the results of the 
slow decomposition or oxidation of stray particles of iron 
which originally existed in the sandstone, and which being 
slowly oxidated, was diffused in the sandstone, in a series of 
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gradually enlarging circles, until the amount of oxidation 
was used up. The whole circle or ball is saturated with 
peroxide of iron, but the process of saturation was not 
uniform and hence the appearance which the nodules exhibit 
of a succession of iron-stained rings, the last formed circle 
has by its oxide effected the hardness of surface which 
enables the nodule so readily to separate itself from the 
sandstone. I have experimented in several ways to realize 
a similar nodule in clay, lime, or sand, but the result 
has been unsatisfactory inasmuch as the oxidation of 
the iron requires more time than I have given to it to 
radiate in circles from a central nucleus, some experiments 
upon damped paper have been more successful, and in those 
which I now exhibit it will be seen that a particle of iron 
when placed upon damp paper, and under a slight pressure 
has in eight days resulted in the production of a series of 
iron-stained rings which present a fac-Bimile of the 
iron-stained concentric rings seen in the sections of these 
nodules, and I submit that that is a view which probably 
correctly explains the origin of these particular nodides 
which are found in these coal measure sandstones of Lanca- 
shire. 



The thanks of the meeting were given to Mr. Plant for 
his paper. 

The Chairman said : Many years ago the subject of the 
concretions which are found chiefly in the Roger mine, in 
the neighbourhood of Dukinfield, (one or two had been 
found in the Blackmine at Bamsley, and others in the 
Trencherbone mine, on the western side of Manchester,) was 
brought before the Society; and Mr. Binney, in a paper 
which he road, said he considered them to be meteoric stones. 
I ridiculed the idea, and at a subsequent n^e^ting, brought 
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a sack full into the room, upon which he said, I think the 
idea of their being meteorites must be given up now. They 
seem to be aggregations, or concretions in the sandstone, 
and take a particular form perhaps owing to the quantity 
of Silica which is present. 

Mr. Plant : I have not seen any report of the 
meeting to which Mr. Dickinson had alluded, perhaps, 
because it did not appear in the Transactions of the Society, 
and he was necessarily unaware of the change which had 
been effected in Mr. Binney's opinions as to the origin of the 
quartzite boulders in the coal — ^but the arenaceous nodules 
which were now before the meeting, had no relation to the 
boidders. 

Mr. Plant exhibited a fossil, undoubtedly representing 
what is figured by the American geologists as a species 
of algsD — Arthrophycm* It was the only specimen that 
he had seen, and was worthy of being recorded in the 
palaeontology of Lancashire ; it was found In the Upper 
Silurian flags in Cartmell. 

Mr. AiTKEN : I am very much obliged to Mr. Plant for 
bringing this specimen for exhibition. I saw it on coming 
into the room to day for the first time ; but if I had 
discovered that specimen, I should have put it down as having 
had an animal origin and not the remains of a vegetable, it is 
rather diflBcult to conceive of a plant whose principal con- 
stituent would be water — growing on the sea shore — retaining 
the large body which is represented upon the surface of this 
stone. It is nearly square — a very unusual form for a 
vegetable stem to assimie ; but as my acquaintance with the 
specimen is so recent I cannot give a positive opinion. Its 
Vegetable nature is, however, in my judgment, open to 

doubt. 

- ■- 

♦ Hall. Pal. New York, Vol. II., pi. 1-2, pp. 6-6. 
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Mr. Plant : The appearance of the fossil on this piece 
of sandstone is quite abnormal, no doubt, originally, the 
stem was round, as most stems of sea weeds are. I believe 
that it is only a cast of the algaa stem, and we should not 
judge too closely of what may have been its original or 
normal condition. 

The Chairman : I have seen similar appearances in the 
coal formation to that at the end of the stem ; and if this 
specimen is from the mountain limestone, there is no reason 
why the same form should not be extended a little lower 
down into the carboniferous series. 



Specimens Exhibited 

By Mr. Plant, a series of prismatic columns in sand- 
stone, clay, lias, starch, &c. 

Mr. Hardwick, a series of rocks, homblendic, and fels- 
pathic, from North Wales. 
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At the Ordinary Meeting of the Society held on 
Tuesday, 27th April, 1875. 

Professor W. Boyd Dawkins, P.R.S., President, in the 
Chair. 



Mr. Daniel Morris, F.G.S., the Grammar School, 
Burnley, was elected an Ordinary Member of the Society. 



Mr. A. W. Waters, exhibited specimens of a Belemnite 
(B, rugi/erj, from the Bartonian nummuline limestone at 
Ronco, North Italy. He said these deposits were regarded 
by the Italian geologists as belonging to the Eocene age. 
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This Belenmite differed in some important points from 
the ordinary Liassic forms, but, it was open to question 
whether the fossil was really living in Eocene times, or 
whether it had been transported as a fossil by aqueous 
agency from some older bed, although there were no Liassic 
beds in the immediate neighbourhood of Ronco, they were 
to be found about twenty or thirty miles distant. 

The President : It has been hitherto the custom with 
palaeontologists to consider Belemnites as belonging to the 
Mesozoic age in Europe, howsoever they had been derived. 
These specimens were probably washed out of older rocks, 
and deposited in the Eocene sea bottom, like the fossils from 
the London clay in the Crag of Norfolk. He had the 
pleasure of examining the magnificent series which the late 
Professor Phillips collected for the purpose of his monograph, 
and the forms now exhibited corresponded more closely 
with an Upper Lias form, than any other. 

Mr. Plant : If I am not mistaken the range of the true 
belenmite is limited between the Lias and Gault, and I 
believe that Professor Phillips in his introduction to his 
monograph on the BelemnitidsD, says, "not only is the 

group absent from existing oceans, but it is imknown in the 

whole Cainozoic period, for probably Beloptera and 
" Belemnosis which occur in Eocene strata are of the family 
" SepiadaB." These latter fossils are fcimd in the London 
clay at Bracklesham, and in the Paris basin, and might be 
mistaken for parts of a belemnite, no such mistake could be 
made with the specimens from Ronco, they are undoubtedly 
true belemnites, it appears to me that the points to be 
decided are, whether the beds in which they were found be 
Eocene, or whether the fossils have not been derived from 
older bedd and redeposited in Eocene times, an instance of 
this redeposition is to be found in the Keuper sandstone 
at Mottram St. Andrews, near Alderley, where specimens of 
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'* Sf/ringcpora ramulosa,*' a common carboniferous limestone 
coralline, are not unf requently found embedded in the latei^ 
Keuper beds. 

Mr. AiTKEN said : It was an interesting subject to consider. 
He thought the fossils had the aspect of liassic belemnites. 



ON LEAD MINING IN THE DISTRICTS OF STANS- 
FIELD, HOLMES CHAPEL, ROSSENDALE, 
AND GREAT HAMBLEDON, N. W. YORK- 
SHIRE, AND N. E. LANCASHIRE. 

Bt Mr. James Kerr. 

On casting the eye over a Geological map of these 
districts, one cannot but be struck with the vast number of 
faults they present, and their diverse directions. 

Both Professor Hull* and E. C. DeRancef have referred 
to a part of the district under consideration, and as the 
latter quotes the former, and gives a good accoimt of it, I 
shall with your permission give lus remarks, in so far as 
they are connected with the subject of the present paper. 
After speaking of several other localities, he says in 
reference to this: "At Thieveley, four miles S.S.E. of 
Burnley, there are E. and W. faults with a northerly 
downthrow of 340 yards, throwing the rough rock of the 
millstone grit .and the bottom beds of the lower coal 
measures against higher beds of the latter, and the base- 
ment bed of the middle coal measures, on the breast of a 

* Professor Hull, M. A., F.R.8., F.G.8., Director of the Geological Survey, 
Ireland : '* Lines of Elevation &c. of Carboniferous, districts of Lancaahiro 
and Yorkshire," Quart. Jour, Oeo, Soe,, vol. xxiv., 1868, pp. 328-331. 

fE. C. DeKance, Esq., F.G.S., of the Geological Survey, England: 
" On Lead, Zinc, and Iron Ores in the N.W. of England," Oeo. Mag,y Feb., 
1873, vol. X., pp. C6-67. 
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hill called Deerplay Moor, nearly 1500 feet in height, the 
beds dipping into the hill at low angles. Here the slope of 
the hill and fault is to the north, the lode ranging half way 
across the hill, sloping down towards the Calder." Having 
previously quoted Mr. "W. "Wallace's " Laws governing the 
distribution of lead," he proceeds to say, having reference 
to those laws: ''The distance from the watershed is not 
great, nor are the other conditions very favourable, but as 
the works are now discontinued, the quantity of lead in the 
lode is probably not very great. But it is remarkable as 
being the highest lead-bearing horizon in the carboniferous 
rocks of the district, with the exception of the lead mine 
fault to the west at Hambledon Hill, about two miles east 
of Accrington, where the Arley Mine, the lowest coal of 
the middle coal measures, is often permeated with strings of 
galena ; and much lead occurs in the centre of the fault, 
which traverses the top of the hill at an elevation of 1330 
feet, throwing the strata, which dip at a small angle to the 
south, 80 yards in the same direction. The hill has a steep 
escarpment to the north, and is more or less isolated on 
either side, proving considerable denudation of rocks since 
the infilling of the fault with lode stuff and other matter, 
for the fault and beds dipping from the escarpment give no 
gathering ground for water to pass through and collect ore. 
In a paper '' On the Relative Age of the Lines of eleva- 
tion of the carboniferous district of Lancashire and York- 
shire,'' Professor Hull has shown that the great series of 
E.N.E. anticlinal and synclinal folds exhibited in the hills 
of Millstone and Yoredale Grits of the " Pendle Range,'* 
had taken place, and great denudation gone on, before the 
deposition of the Permian strata upon their upturned and 
denuded curves, and that a second system of disturbance 
(the Pennine,) ranging nearly north and south, uplifted the 
Pennine chain, and dissevered the Lancashire and York- 
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shire coal-fields, at the close of the Permiaii era, which 
was followed long after, probably after the deposition of the 
Oolites, by a third system of lines of fracture ranging 
N.N.W. 

From the researches of Mr. J. M. Wilson, M.A., it 
appears probable, and even certain, that contortions are the 
inevitable results of subsidence of a curved surface, and 
that faults are cracks the result of the re*eleyation of that 
curved surface, in which " the rocks have to expand, so as 
to fill a larger area/' From which it would appear to 
follow that the curves of the Pendle range were the result 
of a subsidence taking place at the close of the carboniferous 
era, accompanied by. much marine denudation, produced by 
a sea, which on re-elevation became inland and land locked." 

The lead mining operations about to be described are 
connected chiefly with the faults of the Pendle range, in 
several of them, besides the fault referred to by Mr. 
DeRance, is deposited a portion of lead ore, in the form of 
galena, associated with less or more of sulphate of barium,* 
and a limited quantity of sulphide of zinc, in the form of 
blend. In the quotation given above, it will be observed 
that Mr. DeBance favours the theory of the introduction of 
the lead into the faults, from the surface, and in other parts 
of his paper he speaks even still more decidedly on its 
behalf. As this however, is a disputed point, I prefer wait- 
ing till it is more thoroughly discussed, before expressing 
any opinion upon the question as to whether the metallic 
ores were deposited in the faults from the surface, during 
the denudation of the higher strata, or were elevated from 
beneath, either by sublimation, on the one hand, or on the 
other by the agency of superheated or thermal waters, in 
which they had been dissolved imder pressure, and from 

* ThiB minoial was dotermined to be not sulphide of baryta, but sulpliato 
of barium, by Mr. Dayis, British Museum. 
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which they were subsequently deposited during the process 
of refrigeration. 

In whatever way the lead was deposited in the faults of 
which we are now speaking, it may be said that, with the 
exception of occasional sops or pockets, the lode is through- 
out not only poor, but in consequence of the contorted, 
dislocated, and cross-jointed condition of the rocks through 
which it passes, very frequently interrupted. 

The position of these lead-bearing faults is best seen on 
the six-inch maps of the Geological Survey, Nos. 63, 65, 
71, 73, Lancashire Series, or on the inch maps, Nos. 88 and 
89 ; but their course is hero laid down so as to bo traced 
upon an ordinary map of the district. 

Cat Holes Clough begins, as we have said, opposite to 
Robin Wood Mill, on the north-east side of the Burnley 
and Todmorden road, and is just within the borders of the 
north division of West Yorkshire (map No. 229). The lead 
mine lies in a small branch fault, running nearly north and 
south, the southerly end beginning at 53** 43' 88" N. lat. 
and y T 30" W. long. It is about 15" in length, having the 
2nd Grit on the east and the 3rd Grit on the west. It thus 
appears that either the full length of the fault is not laid 
down, or that the mining was continued beyond, or that the 
reputed length of the drift, three-quarters of a mile, is an 
over-estimate. 

The "Cliviger Valley Fault" begins on map No. 64, 
at its southern extremity, viz., 53° 43' 271" N. lat. and 
2° 10' IJ* W. long., with a downthrow to the north-east, 
and sweeps through the sheet, at first, in a north-west 
direction, but afterwards verges a little more towards the 
north. After running for about half a mile, having the 
lower and middle coal measures on the north-cast, and the 
2ud Grit on the south-west, it gives off, at 53° 44' 40" N. lat. 
and 2' 10^ 40^' W. long. ; on the west side, the Thieveley 
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faulty with whicli we are at present more immediately 
concerned. This fault has a downthrow to the north of 
340 yards, having the lower coal measures on the north and 
the 2nd Grit on the south, imtil it reaches a little to the 
west of Thieveley farm-house, where it is bounded on both 
sides by the lower coal measures. Continuing to run west, 
it passes through Black dough, and when nearly opposite 
to Cow Side farm-house, it begins to be bounded on the 
north and north-east, for over half a mile, by a patch of 
Arley Mine, the lowest bed of the middle coal measures, the 
north-west portion forming part of a long fault running 
from north-west to south-east. On the south and south-west 
it is bounded by the lower coal measures. It now again 
strikes off almost directly west, verging now and again a 
little to the north or the south ; while on the north it has 
another downthrow. At 53° 45' 5" N. lat. and 2** 16' 33' 
W. long., while still running in the lower coal measures, it 
bifurcates into two branches — a north and a south. Soon 
after passing Bridgeley Bank farm it becomes the north 
boundary of the Bossendale and Great Hambledon Arley 
Mine, with, first, an upcast to the north, and subsequently a 
downthrow to the south. In its course it passes a little to 
the north of the old Cupola Coal Pit, on Hapten High Park, 
and then over Great Hambledon Hill, a little to the south 
of its summit, leaving on its north side an almost semi- 
circular patch of the Arley coal, at an elevation of 1342 feet 
above sea level, the highest point in the neighbourhood. 
With this exception, it has on the north the lower coal 
measures until it reaches the west extremity of the Arley 
Mine, at Moleside plantation, whence it has on both sides 
the lower coal measures, till, at 53° 45' 24" N. lat. and 
2® 20^ 55 V W. long., it reunites with the south branch. 

This south branch has an upcast south, and continues 
to pass through lower coal measures, till, just within 
Dunoakshaw Close, it becomes the south boundary of the 
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Arley Mine, haying on its south side the lower coal 
measures. On leaving the Arley Mine, it passes on 
through lower coal measures for about half a mile, rising 
in a north direction, till, at the point already named, it 
rejoins the north branch. Thus these two branches hem in 
on the north and south this isolated patch of the Arley coal, 
the general breadth of which is one-third of a mile, while 
its length is about two miles. Through this mine there are 
two faults, passing diagonally in a south-east and north-west 
direction, the first uniting the bounding faults, and the 
second passing through about a fourth part of the breadth 
of the coal. In these branches are found the strings of lead 
ore to which Mr. De Eance refers. What has been stated 
with regard to the horizon of the main fault, is generally 
true as to the minor branches, the chief of which are an 
isolated V shaped fault, running from Hey Head down 
Green Hill Clough and through the Clow Bridge Reservoir 
to Nutshaw Hill, and the one passing through Cribden 
Moor, the former having the lower coal measures on both 
sides, while the latter has lower coal measures on the north 
and the 1st Grit on the south.* 

At what period lead mining was first attempted in the 
faults just described, I cannot say, but as " repairing the 
old shaft" and "driving a sough up to the old vein** 
formed part of the earliest work done by the company 
about to be named, and as a portion of an old lead level was 
found some years ago, which appeared to have been formed 
anterior to 1753, it seems very probable that this company 
was not the first in the field. There are also some old works 
on the brook side, opposite the ruins of Hapten Tower, on 
the line of fault extending from Porter's Gate to Barley 
Green, which look very like lead mining operations. 

• In accordance ^ith a wish expressed at the time this paper was road 
notice has been taken of tho strata through which the faults pass ; the 
" \H Grit" &c., being tho Grits as given in the Geological Survey. 
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The first company whicli I propose to notice was formed 
in the middle of last century for the purpose of carrying 
on mining operations in the " Honor of Clithero/' In the 
books * of the company it is variously described aa : " The 
Clitherow Mining Co.," " The Oitherow Co. of Minors," 
and lastly, but not least significantly, as "The Mine 
Adventurers' Co." The office of the company was at 
Dunoakshaw, one of the " booths " of the ancient forest of 
Rossendale, on the Burnley and Edenfield road, N.E. 
Lancashire. The first items in the company's books, dated 
August 16th, 1753> are the " Expenses of Mr. Percival and 
Mr. R. Kershaw's journey to view Thieveley, 13s.;" and 
" two journeys " of the same gentlemen " to Manchester 
lOs." On 26th February, 1754, 6s. was paid to "Old 
Charles Lord to view Brown Backs," and in the following 
April, Thieveley was taken on lease. On the 13th April, 
Messrs. Percival and Nangreaves, afterwards called Lawyer 
Nangreaves, go to Castleton and Oakos, in Derbyshire, to 
engage miners ; on the 22nd active operations begin, and on 
the 29th wages are paid by " George Crompton, clerk," at 
Dunoakshaw. 

Sometime in the course of this year, the mining rights of 
the Company became very extensive, as appears from an 
advertisement issued by them, of which the following is a 
copy : " 1754, Notice is hereby given, that the lessees of 
the lead mines, veins or beds of lead, copper, iron, or tin, 
lying and being in any of the copyhold lands, wastes, 
commons, and waste grounds belonging to the wapentake 
of Blackbumshire and the several manors of IghtenhiU, 
Coin, Chatbum, Worston, Pendleton, Acorington, and 
Tottington, in the honor of Clithero and county of Lancaster, 
hereby propose to lett any mearf or mears of ground within 

• For a perusal of those books I am indebted to G. Ash worth, Esq., J. P., 
and H. H. Bolton, Esq., of Newchureh-in-Bosaendale. 

t A *' mear " was " 39 yards of the rake vein in Bucceesion." The lessor 
taking the next 14^ yards. 
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the manors or liberty aforesaid, with free liberty to search, 
sough and drain, dig and delve for the same, to any person 
or persons, for a term to be agreed upon, not exceeding 
fifteen years, in some parts of which manors and liberties a 
large quantity of lead ore has lately been got. For further 
particulars enqxiire of Thomas Percival, of Royton, Esq.; 
Thomas Johnson, of Manchester, Esq. ; or John Hargreaves, 
of Newchurch-in-BrOssendale, Gent. ; all in the said county 
of Lancaster, who are empowered to treat for the same.'' 

*' Manchester : Printed by Joseph Harrop, opposite the 
Exchange ; where printing in general is neatly and cheaply 
perform'd." 

The various places at which the company opened works, 
or went in search of ore, were Thieveley, Black Clough, 
Gambleside, Whin Hill Clough, Dunoakshaw Close, 
Thomybank Clough, GoodshawhiU, Cribden, Bisingbridge, 
Baxenden, Pendle, Pendle Bisk, and Worston. There is 
also mention made of BoUand, Bivington, and Brennand, 
but the ore from these places seems to have been obtained 
by purchase. 

At many of the above places there are still to be seen 
traces of lead mining, in the form of old drifts or levels, 
shafts, dressing hills, and quantities of scattered stones, so 
impregnated with lead, that vegetation still refuses to cover 
them. These remains are to be met with at Thomybank 
Clough, on the old road from Love Clough to Hapton, 
where there is a drift of two dressing hills. At Whin Hill 
Clough, which divides the townships of Higher Booths and 
Dunoakshaw, where there is a drift on the south side, traces 
of SIX or seven shafts, and nine or ten mounds of debris. 
At GoodshawhiU, near the farm house, on the east side of a 
footpath running along the Rough Hill pastures, towards 
Townend Close, there is an old drift, beside which sulphate 
of barium * lies scattered. Near Cribden House, sometimes 
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called Far Houses, there are signs of mining in a small 
clougli nmning along the N.W. skirt of the hill, and on 
and beside a footpath running eastward from the. same 
place may be seen scattered specimens and a vein of sulphate 
of barium,* large pieces of which are piled up as rock- work 
in the adjoining garden. 

On Thieveley Farm, at 1078 feet above sea level there 
are three places at which lead mining has been carried on. 
At the W.S.W. end of the farm house there are 12 filled 
up shafts and a large mound of lead-dressing debris. 
Proceeding in a westerly direction we reach a part of the 
same farm called Black Clough, where there are a dressing 
hill and six old filled up shafts, on the right bank of the 
stream, and a little higher up, on the left bank, there are four 
filled up shafts and another dressing hill. On each of the 
three dressing hills may be found smaU specimens of lead ore 
and sulphate of barium. 

At the places just named, the company continued its 
operations during the greater portion of its existence, whUe 
in the course of the first four years of its time the others 
were either but partially worked or altogether abandoned. 
Whin Hill, Cribden, and Dunoakshaw Close mines seem to 
have been the most productive, and at the latter place so 
extensive was the search for lead, that the farmer was 
allowed a deduction in rent equal to that of three acres of 
the land. 

Along with the galena, (sulphide of lead), there has been 
found not only the sulphate of bariimi, as already men- 
tioned, but also blend, t (sulphide of zinc) which I take to 
be the '' Calamy " I find named in the books, as no calamine, 
(carbonate of zinc) is to be found in the neighbourhood. 

*This 8ulx)liato of barium is not noted on the maps of cither the 
Oeolog^cal or the Ordnance Survey, nor is it mentioned as occiirring at 
Black Clough and Thiovcloy Farms. 

t Blend has been found in moderate quantities by Beveral fifabscquont 
explorers. 
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Determmed to cany on their speculation with vigour, the 
company built a smelting furnace, the remains of which I dis-^ 
covered in Cupola Clough, near the upper extremity of Great 
Clough. This cupola was begun in June, 1755, and finished 
in the following November, at a cost of £61 7s. 2id. for the 
mason work, stone and lime being supplied by the company, 
and a further expenditure of £3 3s. 4d., apparently for 
appliances, making a total of £64 10s. 6^d. This seems a 
small sum for a cupola which had a long chimney attached, 
but at that time the prices of work and materials were very 
low, mason work being 8d. per yard, stone getting 4d., and 
stone leading 2|d., while lime cost 21s. for twenty horse- 
loads, and carpenters' wages were Is. l^d. per day. From 
the fact that this furnace was built in the bottom of an 
almost inaccessible cwm,it seems likely that the chimney was 
built according to custom, as a flue running up the adjoining 
acclivity, and terminating in a perpendicular stalk, on the 
more level ground at the top. This supposition is favoured 
both by the limited cost of the erection, and also by the 
small quantity of lime employed in its construction. That 
it was a long chimney, is supported by the tradition that the 
flames issuing from it were seen at some distance in diflerent 
directions, which its position would have precluded, had it 
been short, and also by the tradition, that for a wager a 
man crept up it, from bottom to top, and died from the 
effects of the vapours inhaled during his progress. 

From the way in which the various items of income are 
entered in the books, it is difficult to ascertain with exacti-* 
tude the amount realized by the sale of ore and lead, but 
taking the most liberal view of the case, and including the 
parcels obtained by purchase from other mines, it fell short 
of £1200. Taking the lowest price at which the ore was 
sold, viz., " 12s. * per cwt. of 120 lbs., or two short dishes of 

* The greater part of the ore was sold at 13s. per cwt., while the share 
fidllDg to the Lord of the Manor was valued at £9 per ton. 
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60 lbs. each,'* this would give a yidd of 100 tons, of their 
weight, or an average of 12^ tons per annum, during the 
eight years of the Company's active existence. JB82 was 
obtained for ''borage" from parties who availed themselves of 
the ofiEer made in the advertisement quoted above, and the sum 
of about £1600 was paid in share money. Thus the amount 
raised by the company for lead and ore, borage, and share 
money makes a total of £2882. From this deduct the £29 
returned to the shareholders as a first and final dividend, at 
the rate of lis. 4d. per share, and we have left £2853, the 
whole of which was expended in the prosecution of the com- 
pany's scheme. In other words, for the £1200 they obtained 
by the sale of their ore and lead, they paid the sum of 
£2853, equivalent to a dead loss of £1653. 

The number of shareholders in the company seems never 
to have exceeded 13, at any one time, holding among them 
about 50 shares, which cost in calls some £32 per share. 
"No shareholder held more than 10 shares at the first, and 
only one man held above that number, viz., 13, at the dose, 
when the number of shareholders was reduced to 10, holding 
52 shares in all. 

The shareholders, as a body, must have had no inconsider- 
able amount of faith, hope, and courage, for to their credit 
it must be said that they gave the scheme a full and a fair 
trial, and continued the struggle until in the end they were 
compelled by the logic of facts, to come to the conclusion, 
that success was impossible. The company was formed in 
1753, and finally wound up in 1766, after an active existence 
of about eight, and a nominal one of thirteen years. 

Notwithstanding the disastrous termination of this first 
company, a second one, consisting partly of the old share- 
holders was formed in December, 1768, when a first call of 
10s. per share was made. In the following year, a second 
and a third call were made, but in February, 1775, the cash 



do5 

book closes with "Paid tlie New Shareholders/* what appears 
to be as in the case of the former company, a first and final 
dividend of Is. per share. 

In spite of these signal failures lead mining has been 
attempted, and carried on for a time, by individuals and 
smaU. companies, about Dunoakshaw, Dunoakshaw Close, 
and Thomybank Clough, to within the last five or six years 
if not later, but in every instance it has proved in the end 
an unprofitable speculation. 

On the Burnley and Todmorden Boad, about a mile and 
a half from the latter place stands Robin Wood Mill, and 
opposite to it is a viaduct, passing through which you enter 
Cat Holes Clough. About half-a-mile up this Clough, are 
the Cat Holes Lead Mines,* which were first brought into 
operation about 120 years ago. On the right bank of the 
stream is a drift, which runs under the hill for three-quarters 
of a mile, and on the left, a little higher up, there is another, 
but much shorter, with neither lead nor sidphate of 
baritmi about it. At the mouth of that on the right bank, 
there is a large quantity of sulphate of barium with a 
little lead, the sulphate of bariiun forming the matrix 
of the ore. Here the lode passes beneath the rough rock, 
which is very much contorted and cross-jointed The conse- 
quence is that the continuity of the lode is frequently 
interrupted. Its width is stated to have been from three to 
eighteen inches, the latter being probably only in limited 
pockets. Be this as it may, the cost of extracting the ore 
so far exceeded its value, that the spectdation is said to have 
ruined the parties engaged in it. 

About the same time as this mine was opened, viz., 120 
years ago, another mining company began operations at 
Leadmine Clough, Stansfield Moor, but this company was 
equally unsuccessful and had ultimately to be given up. 

* I am placed under obligation to Mr. Abraham Stansfield, of Todmorden, 
for information respecting those mine8.~J. K. 
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Ilef erring apparently to the disastrous termination of all 
these companies. Dr. Whittaker, in his history of Whalley, 
expresses his opinion that next to a cotton mill, the opening 
of a lead mine, is asgreata curse to a district as can befall it. 

About forty years since, the Cat Holes mine was re- 
opened by some Welsh miners, assisted by two gentlemen in 
the neighbourhood. A few tons of lead ore were obtained, 
but again at a cost beyond its value. This time, however, 
attention was turned to the sulphate of barium matrix. 
This was ground down to an impalpable powder, washed and 
bleached, and then sold to the Walsall dealers in white lead, 
to be used as an adulteration. The manufacture of this 
article was carried on for some time, but this too, proving a 
losing concern, was also abandoned. 

Six years since, the Cat Holes mine was again opened by a 
limited liability company, which after spending £500 in a 
two years' search for lead, without obtaining a farthing in 
return, commenced and continues to pursue the more profit- 
able business of brickmaking. 

Having now passed in review the history of the foregoing 
lead mining operations, the question naturally arises : What 
was the cause of their uniform and utter failure? The 
answer is at hand ; it was neither reckless expenditure, nor 
want of persevering eflfort, but solely want of ore, arising 
from the general poverty of the lode, aggravated by its 
want of continuity, owing to the cross-jointing and disloca- 
tion of the strata through which it passed. 

It seems to me probable that, the loss of the Clithero 
Company would not have been so great, had the directors 
concentrated their energies, instead of spreading them 
over so great an area. In addition, from the qiiantity 
of lead still left in the slag, it is evident that the more 
exhaustive methods of extracting it were not employed, 
probably because not then known. The company had also 
to work to some extent ia the dark. Geology being then, to 
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put it mildly, in comparative infancy, and the benefits of the 
Geological Survey, as a matter of course, totally xmknown. 
In fact, the lode was only worked where denudation had 
made the presence of ore less or more visible, while by far 
the greater part of it was left absolutely imtouched. The 
general poverty of the lode, however, renders it probable 
that, were all the appliances of modem science brought to 
bear, the working of it would stiU prove unprofitable. 

It now only remains to give, as bearing on the cost of 
mining, a list of the wages paid, and the prices of articles 
in 1753 — 1762. This list is extracted from the books of the 
Clithero Mining Company. 

Wages. 

Manager, 168. per week. A succeeding manager 21s. per 
week. 

Treasurer, £10 lOs. per annum. 

Smelters, 128. per week. 

Sinkers, lOs. 6d. per week. 

Sinking at Dunoakshaw apparently in drift* 5s., 6s., 
7s. 6d. per fathom. 

Sinking in rock, '^ £2 per fathom, finding them candles 
and powder." 

Miners, Is. 8d. per day. • 

Sough level driving. Is. 4d., Is. 8d. per day. 

Washing ore, 6d. per dish of 60 Ibs.f Female washers, 
7d., 8d., Is. per day. 

Carpenters, Is. Id., Is. IJd. per day. 

Mason work, 8d. per yard. 

Stonegetting, 4d. per yard. Is. per day. 

* Tho deepest shaft named, is here, viz : Ten fathoms, 60b. 

t A short dish of ore, contained 14 'Winchester pints ; a long dish, 16 
Winchester pints of water. A dish, as now settled by law, contains 15 pints 
of water. The original diah was a wooden box of about 28 inches long, 
6 inches wide, and 4 inches deep. In this the dressed ore was measured when 
ready for smelting. 
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Labourers assisting miners. Is., Is. 2d. per day. 
Ditching, 7d. per rood. 

''Richard Whittaker in full for building a house 
£2 lis. 6d.'' 

Prices of Various Articles, &c. 

Coals per load, presumed to be 3| cwt., including carriage, 
4d., 4|d. 

Coals, bought in quantity at the pit mouth, 2 Jd. per load. 

Candles, 6d., 6Jd. per lb. In quantity a trifle lower. 

Powder for blasting. Is. 2d. per lb. 

Lime, " 20 *' (horse) "loads," including carriage, 2l8. 

Rushes, 6d. per load, laid down. Man and horse leading 
rushes. Is. 9d. per day. 

Making 12 ore bags. Is. Cluking (band to make them 
with). Id. 

Postage of letters. Id. each. One from Clithero, 4d. 
Two spade shafts, 4d. 

Messenger from Dunoakshaw to Rochdale with a letter, 9d. 



The President : We have listened to this paper with 
unusual interest, ' as it has not only thrown a light on the 
speculations in lead mining in past years, but we may 
also gather instruction as to the condition of lead mining in 
this country, for the most part, at the present time ; and 
with regard to economical questions, I think it has opened 
our eyes to the wonderful advance in the price of things 
which has taken place since the time referred to by Mr. Kerr. 

Mr. AiTKEN : I do not know that I have anything of 
interest to say on this question, beyond expressing the 
thanks which I am' sure we all feel to Mr. Kerr for the 
trouble he has taken in investigating this very interesting 
subject, and in laying the facts in so presentable a form 
before this meeting. I am pretty well acquainted with the 
direction and with the circimistances of this fault for a very 
considerahle portion of its length, which is known as the 
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lead mine fault, haying traoed it at points where it is visible 
on the surface. I am sure we are very thankful to Mr. 
Kerr for having rescued from oblivion the record of those 
interesting operations -which took place some 120 years 
ago, not only as showing the position of lead ore in the 
district, but also the quantity that exists there, and the 
economical questions connected with the working of these 
mines in past times. 

Mr. Plant : I may be allowed to ask one or two questions. 
I was in hopes that Mr. Kerr would have given some 
explanation of the actual position of the lead ore. I do not 
remember that I ever saw a specimen taken out of the 
lower coal measures, therefore it is perfectly new to me, and 
I should have been very much interested in a description of 
the horizon where the lead occurs. I see the fault laid down 
is not the great fault which separates the coal measures 
from the millstone grit, but a subordinate one, and very 
likely the speculations which have been so disastrous from 
the time when they were first commenced — ^though not so 
peculiarly disastrous as some speculations at the present day 
— might possibly be profitable if lead were searched for in a 
more scientific manner. 

The President : With regard to this question of the 
distribution of lead ores in the coal measure rocks, I believe 
there are certain isolated places, such as this, in which these 
ores are to be met with ; but, as a general rule, it may be 
said that the lead ores are never worth working in any open 
grit-stone rocks, or in any of those shaley and clayey 
strata such as you meet with in the coal measures. 
Speaking in general terms of lead mining, one reason why 
it is so extremely hazardous, and why such large sums of 
money are annually lost in it in this country, is that for the 
most part the lead is found in the carboniferous limestone, 
and the carbonferous limestone has certain beds of shale in 
it. The lead ore may be tolerably good while it is traversing 
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TRANSACTIONS 

OF THE 

MANCHESTER GEOLOGICAL SOCIETY. 

Pabt XI. Vol. XIII. Session 1874-5. 



At the Concluding Meeting of the Society for the 
Session, held on Tuesday, 29th June, 1875. 

John Aitken, Esq., V.P., F.G.S., in the Chair. 

A letter from the President (Professor Dawkins) was 
read, stating that he was on his way to Australia, for the 
vacation of three or four months, and therefore would be 
unable to take part in the meetings of the Society. 

The Secretary announced that the North Staffordshire 
Naturalists' Field Club had arranged for a geological 
excursion to examine the picturesque district known as 
** The Roaches,'' near Leek. The section to be examined 
lay chiefly in the third grit of the Millstone Grit Series. 
The party was to be conducted by Mr. Thomas Wardle, 
F.G.S., and members of this Society were invited to join the 
excursion on July 17th. 



ERUPTION OF VESUVnrS, 1872. 

Mr. W. J. Buck, F.R.C.S.E., &c., read the following 
paper, giving a description of the phenomena of the great 
eruption of Vesuvius of 1872, compiled from the journal of 
his brother, Mr. J. M. Black, then staying at]||Naplee, and 
from information collected from descriptions in the journals 
of the time : — 
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DESCRIPTION OF THE PHENOMENA OF THE 
GREAT ERUPTIVE LAVA STREAMS. 



The chief phenomena oonneeted with this eruption were 
the pillar of cloud, the streams of laya, and the showers of 
ashes that succeed the scene of terrestrial conflagration^ and 
the meteorological convulsions that dose the drama of 
Tolcanic action. 

When this eruption began on Tuesday, April 23rd, there 
werefirstobservedasetof minorstreamsthat ran down the sides 
of the cone, chiefly in a north-easterly, southerly, and westerly 
directions, from the overflowing of the molten lava over the 
depressions of the crest of the Crater, and the mountain 
was said to "sweat." 

None of these seemed to get further than the base of the 
cone, and many did not extend so far, and principally 
caused alarm from the probabilities of what might happen 
if they got further, and so were said to " threaten.'' There 
were, however, only two main ones on this occasion larger 
and longer than the above, one flowing to the north-west 
towards Naples, and the other south-west to the sea eoast^ 
and each of these branched out and went in other directions, 
and so gave the appearance of there being a great many 
streams of lava descending from the cone. 

The chief stream was the one that flowed from the great 
north fissure in the cone from the bottom of the Atrio del 
Cavallo below, and seemed to have been the event of the 
emptying of the funnel of its load of lava from base to 
summit. 

This new eruptive orifice began to show itself on the 
night of Thursday, in the northern part of the Atrio del 
Cavallo, and was the scene of the sad catastrophe to a 
crowd of spectators on Friday morning. 
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The deluge of lara burst forth at this spot on Friday 
morning at simrisey and flowed out like the molten metal on 
tapping an iron blast furnace^ and filled the Atrio del 
Cavallo. This lake of fire reached to the south-east end of 
the Canal del Inferno, and nearly formed a vent there on 
the south slope of Yesuyius, aboTe Pompeii. 

Out of this gorge, down the mountain side, ran silently 
the sluggish stream, rolling oyer the gardens and vineyards, 
and along the roads, bursting through fences and walls, and 
submerging trees, tiU it reached the villages of Massa and 
Sebastiano. 

By the next morning it had flooded these places, and 
made its way between them, breaking down houses, entering 
tiie streets, and filling them up half way, and setting fire to 
the combustible parts on each side. All the inhabitants had 
fled for their lives already, though several were reported to 
have been engulfed and killed, but most of the property left 
behind was destroyed. 

The progress of the stream of lava through the inhabited 
ooxmtry oould be seen from Naples by the flashes of 
conflagration and the vaporous white steam hovering over 
the course of the lava. From these villages the lava mass 
spread out into a vast field of smoking slag and scoria. 

These lava streams appeared as high embankments of 
rough black stones, or large masses of ooke, piled one over 
the other to heights of twenty or thirty feet, and up which 
ndes one had some di£Sculty in moimting. Then you stood 
on the edge, and overlooked a jagged level of smoking slag, 
hot to the feet, and emitting stifling fumes of hydrochloric 
add gas. 

On the banks and sur&ce of these rivers of fire were 
formed small craters, or JUmaroli, for the special use of 
the lava, underneath, which thundered like the Ghreat Crater, 
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and launohed forth smoke, aahesy and stones to the height of 
70-80 metres, or 229'5- 262-2 feet. 

The next destructive phenomenon of the eruption was the 
shower of ashes, dust, scoria, and stones, which began, l^ 
degrees, on Friday, but did not show generally till Sunday, 
April 28th, when the lava had beg^ to cease flowing. 

These showers consisted of the ash of incineration, and 
the burnt fragments of lava rocks, or scoria, which were 
frequently ejected red hot from the Crater, like rockets, 
and illumined the darkness of night. 

The area over which these showers fell was very extensive, 
and varied according to the direction of the wind, and they 
were a source of danger both from the depth of the deposit, 
as well as from the weight of the projectiles, and their 
combustible power. 

The dust and ashes fell in Naples one or two inches thick, 
and the shower was so dense as to obscure progress through 
the streets, and render the carriage of lanterns for walking 
about a necessity, and gas to be used in the houses for 
illimiination. 

The clatter of hoofs and the rumbling of wheels could 
not be heard on the pavements ; in fact, it was just like a 
heavy fall of grey snow of a dingy colour, and it had to be 
swept up like it, and piled in heaps in the streete previous 
to removal. 

It lay also on the roofs of the houses, and had to be 
dislocated from them by spades and shovels, and sent down 
into the courts below, like avalanches of snow, many of 
which courts, on May 8th, were still reported covered with 
ashes. 

The whole atmosphere of the country got dimmed for 
miles aroimd for nearly a week, and as the pillar of cloud 
from the Crater began to shrink, and the flame at night less 
brilliant, so the showers of ashes dwindled down, and finally 
ceased, 
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Professors Tinno, Oatalano, Montano, Jannario, and 
Coppola found, on analysis of the ashes, that they contained 
chiefly, insoluble silicates of alkalies and earths, and soluble 
chlorides of sodium and iron ; and, in small quantities, 
sulphates of soda, magnesia, and alumina, and chlorides of 
ammonium and lead, with some free sulphur, and they were 
acidified by hydrochloric and sulphuric acids. Not the 
slightest trace of sulphuretted hydrogen or of arsenical 
compoimds are stated to have been found in the ashes of this 
eruption, as has occurred on some previous occasions. 

The pillar of doud on the summit of Yesuyius is the 
invariable manifestation of action in the volcano, and is a 
conspicuous object by day in a dear sky, and the pile of 
flame at night, that casts a reflection over the sea of the 
Bay of Naples. 

It began to rise on Tuesday, and by midnight it had fully 
formed, when great volimies of fire and smoke issued forth 
from the Crater and ascended into the sky. On Wednesday 
it was a fleecy, clear white cloud, ascending in great folds 
and gyrations, which spread out horizontally on the top, and 
increased in amplitude at the great climax of Friday, the 
26th April. 

It is supposed then to have obtained a most remarkable 
elevation and dimensions, not witnessed for a very long 
period (since 1779, by Sir W. Hamilton, four times the 
height), and has been estimated to have been three or 
four miles high, or from 16,000 to 20,000 feet, with a 
diameter increasing from below to two miles at its crest. 
When fully formed, it appeared like a huge pine tree or 
mushroom growing out of the mountain, and it expanded 
at its summit into a great imibrella like disc. 

It would be altered in shape by the prevailing wind, and 
be lengthened out into a long cloudy banner floating away 
to leeward for 8-10 miles, and vanishing into fleecy mist in 
the distance. 
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After Friday, the 26ih April, it began gradually to sink 
in height, and its dear and fleecy outlines were obscured by 
the f ogginess of the dust showers, and by Sunday, the 28th 
April, its beauty of form and splendour of colour bad 
disappeared. 

The pile of red and yellow flames emitted from the 
Crater began to be very striking on Wednesday, the 24th 
April, and oontinued for several nights afterwards to 
illuminate the Bay of Naples. 

Amongst the rolling douds of the pillar may also be 
noticed dark clouds, formed by emissions of ashes and dust, 
projected from various orifices on the oone, and by the main 
Crater, by the suddefi blasting of rocks and lavas by the 
explosion of steam, and gases in the beds of lavas. Aft^ 
the dust showers commenced, the height of the pillar of 
cloud is reduced, and may be estimated at about one mile 
(5280 feet), and then its terrestrial surface becomes foggy, 
and the scenery of the volcano and coimtry around and 
underneath it darkened and obscure. 

The following is a summary of the remainder of Mr. 
Black's remarks : — 

Observatory. — ^This is situated on Monte Canteroni, which 
divided the two streams of the northern lava, and was 
consequently exposed the whole time to the scorching heat 
and mephitic vapours of the slag running red-hot past it on 
each side, as well as to the showers of ashes and scoria on 
its roof, which also rattled with the fall of the bombs and 
splinters of rock. Professor Palmieri and his assistants were 
therefore entitled to every meed of praise for their heroic 
resolution to abide by their instruments, and watch the 
progress of one of nature's grandest exhibitions. 

Vegetation, — ^Everything organic was of course destroyed 
under the huge banks of the lava streams, but much more 
serious and more extensive destruction to agriculture and 
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horticulture was effeoted by the dust showers. Most of the 
Tineyards and market gardens round Yesuyius for several 
miles were burled, and immolated by the acrid dust, 
especially when the rains came and washed it down after- 
wards into mud. 

Cone and Crater. — ^The Great Cone was split open all 
along its north side from the top to the bottom, and let 
out of the fissure the great flood of lava into the Atrio del 
Cavallo, and was likewise cracked on the south side, to let 
out the south stream of lava. The Crater was wholly altered 
from what it had been before, and was now converted into a 
pit 600 feet deep, divided into two halves, east and west, by 
a wall of rock, that had fallen across during the throes of 
the volcano. A new Crater was formed in the Atrio del 
Cavallo, and poured out extra supplies of ashes and vapours 
between the cliffs of Monte Somna and Monte Canteroni. 

Jfeteorological Phenomena, — ^The weather, prior to and 
during the first half of the eruption, was fine and clear, but 
subsequently thunderstorms and showers of rain prevailed 
uninterruptedly for several days. These rains washed the 
country all round of the deposit of ashes, cleansed the 
streets and houses of Naples, and the roads and trees in the 
country, b^t occasioned damage in low lying parts from the 
accumulation of dibrie. There was a splendid display of 
electric flashes in the pillar of cloud and in the dust clouds, 
besides the lightning of the thunderstorms, and it was 
beautifully seen at night, and was of a very dazzling 
description. 

Sea. — ^The Bay of Naples continued calm throughout the 
whole period of the eruption, though the ships in the 
harbour were somewhat affected by the inland earthquakes. 

Acoustic Phenomena. — ^These were of the most extraordinary 
and violent descriptien, and frightened the inhabitants, and 
were called the roaring and bellowing of the volcano, and 
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were most terrible during Saturday 27th, Stinday 28thf and 
Monday 29th9 and must be distrnguished altogether from the 
thunder of the storm-cloud. 

Property mid L\fe. — ^Two very distressing events happened 
to the populations— one was the appaUing loss of life to 
excursionists from Naples on Friday morning 26thf when 
the floor of the Atrio burst open, and a deluge of lava 
overwhelmed and destroyed them ; the other was the 
destruction and submergence of the villages of Massa di 
Somma and Sebastiano on Friday, by the north-west stream 
of lava, and these were really towns of several thousand 
inhabitants each, and had good houses. 

Gemral Flight of the Population, — ^All the towns round the 
base of Vesuvius were early deserted by their inhabitants, 
who fled in thousands into Naples and to the further 
coimtry, and left their property unprotected — such was the 
intensity of the panic. 

Products of the Eruption. — ^The chemical products distilled 
and subUmated from the volcano this time were steam, 
muriatic acid, sulphur, chlorides of sodium, iron, copper, 
and ammonium, which became afterwards condensed on 
the sides and lavas of the mountain. The quantity and 
character of the solid projectiles were very remarkable, and 
consisted of bombs or globular masses, great pieces of rock 
and fragments of scoria, and many of these were seen 
red-hot in the pillar of vapour, and were projected the 
height of a mile above the Crater itself frequently. 

Earthquakes, — Local ones occurred in isolated spots round 
the base of the volcano, and were especially noticed by the 
inhabitants of the villages, whose homes experienced their 
topical eflects, chiefly on the north side of the moimtain. 

The paper was illustrated by a fine series of photographs, 
showing the appearance of the volcano from the first 
outburst to its final obscuration in the dust fog, the lava 
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streams in motion and cooled, and scenes of their devastation 
of houses, vineyards, and fields, as weU as by charts and 
diagrams, and a large collection of minerals, obtained 
immediately after the eruption. 



The Chairman said : Mr. Black has brought before us a 
very interesting and important subject. I am sure we are 
all impressed with the value of the commimication, and the 
vast amoimt of trouble which Mr. Black must have had in 
taking all these photographs, and making the beautiful 
illustrations which are exhibited upon the screen, and which 
have been so admirably explained. It wfll not be my 
province to discuss the various points raised by Mr. Black, 
but I should have been glad if he had brought a little more 
prominently before the meeting his theory — if he has 
formed one — of the origin of volcanoes. He has alluded, 
incidentally, to the admission of water by fissures into the 
heated interior of the earth, and the gas resulting from its 
contact from the heated matter, causing steam and producing 
these eruptions. I know that was and still is a popular 
— ^perhaps the most popular — ^view of the origin and cause 
of volcanoes. Whether it can be sustained by scientific 
investigation, however, I am not able to say. It has 
always seemed to me, as suggested by Mr. Black in the 
paper, to be a puzzle how water can, by any possibility, 
have attained to the depths necessary to produce the 
effects, considering the heated character of the matter with 
which it would have to come in contact. Taking into 
consideration all the circumstances of the case, it appears 
to me that the supposition of the existence of fissures 
capable of admitting water from the sea, to the depth 
required, is one difficult to entertain. If there is a tendency 
to explode, or to send out molten matter from the interior 
of the earthi one would suppose that this pressure exerted 
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in the interior would prevent the admission of WMieiti and 
so prevent the generation of steam, and the eruptions which 
are said to be oonsequent thereupon. But I do not wish to 
enlarge upon this question. Perhaps some gentlemen present 
may, taking up the hint that I have dropped, enter further 
into the discussion, and illustrate the matter more fully. 
The reports, so graphically described by Mr. Black, may 
arise from the passage of the vast quantity of steam — ^which 
undoubtedly does issue from volcanoes in times of eruption 
— ^with great rapidity through the atmosphere. 

Mr. Waters moved, and Mr. Plant seconded, a vote of 
thanks to Mr. Black, which was unanimously passed. 

The Chairman having intimated that the subject was 
open for discussion, 

Mr. Waters said the only feature of importance which 
struck him was that mentioned by the Chairman — ^namely, 
as to the action of water in producing volcanoes. The 
entrance of water was considered — among the theories 
which had yet been received — ^to have played a most 
important part, but not to have been the whole cause, 
of the production of volcanoes. Mallet's theory, which was 
the latest, and seemed to be generally accepted, was, 
briefly stated, that the heat which caused volcanoes was 
produced by the contraction and giving way of the solid 
crust of the earth to a certain depth ; but the depth was 
not so great as to render impossible the penetration of 
water, which, in the form of steam, played an important 
part in the volcanic action. There was another point 
of scmie interest, with regard to the fine sand that 
Mr. Black had exhibited. It had been considered by 
some of the German geologists, and, he believed, also by 
Palmieri and other Italians, that the sand was produced by 
the attrition of the blocks which were ejected from the mouth 
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of the yolcano. That was, in the opinion of competent 
observersi the explanation of the sand. 

Mr. Black, having acknowledged the vote of thanks, said 
he had not devoted much attention to the theories of volcanic 
action, but he saw no reason to disagree with the ordinary 
supposition, that volcanoes were connected with the centre 
of the earth ; and with regard to the presence of water at 
great depths, he saw no reason wh j it should not find 
admission through fissures similar to those with which everj<» 
one was familiar in great deposits of limestone. The difficulty 
was to account for the presence of the metals, lead, iron, and 
copper, in the lavas. The fresh and old lavas were very 
different in appearance one from the other. The latter, when 
they were a few years old — ^had their cavities often filled 
with solid crystals, which were never found in the recently 
produced lavas. 



The reading of Mr. Black's paper having occupied all 
the time usually given to the meeting, it was put to the 
members, and carried, that the following papers announced 
on the circular for reading at this meeting be taken as read, 
and printed in the Transactions : — 

The first paper was by Mr. J. Plant, F.G.S., 

OBSERVATIONS ON TWO PAPERS, by Room 
Penninoton, Esq., LL.B., " On the Ossiferous Deposit 
at Windy EnoU, near Castleton ; " — Proceedings of the 
Literary and Philosophical Society of Manchester, October 
6th, 1874; and ''On the Bone Caves in the Neigh- 
bourhood of Castleton ; *' — Quarterly Journal, Geological 
Society of London, February 10th, 1875. 

This paper was subsequently withdrawn from being 
printed in the ^ Tramsaotions'' by- request of its author; 
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RECENT DISCOVERIES IN THE ALLUVIAL 
DEPOSITS OF THE IRWELL IN SALFORD. 

By John Plaih', F.G.S. 

After describing the geological features of tlie Irwell 
Talley, Mr. Plant said that in this locality he had not been 
able to find many evidences of the occurrence of bones of 
extinct mftTnTtiftlia , or of stone weapons of the pre-historic 
ages in the gravels ; though, as yet, there was nothing that 
could be urged against the possibility of finding such 
artidesi as these gravels were correlated to the old 
valley gravels of the rivers of the South and East 
of England, where both bones and weapons were 
abundantly found. The only features of interest which 
he knew of as being contained in the gravels and 
sands were the occasionally occurring deposits of black 
vegetable silt, with great numbers of the common hazel 
nuts, and, at rarer intervals, logs of good, sound, black- 
stained oak. Of these latter there had recently occurred a 
remarkable instance in Lower Broughton, where three fine 
logs were foimd lying within a distance of thirty feet, and 
in another case — ^a few years ago— one was foimd about 300 
yards to the south, at Hough Lane. One of these three 
logs had been brought to the surface, and, when measured, 
found to be about twenty-five feet long, with a diameter at 
the thickest part of the bole of twenty-two inches. It was 
entirely denuded of its bark, and had evidently been broken 
away from the roots ; and all the smaller branches had been 
broken off. The colour was purplish-black, the wood sound 
throughout, and the boles filled with clean iron-stained sand 
and gravel. The other two logs were not brought out f roQ^ 
the gravel, as they did not lie in the path of the sewer. 
The depth of the loam from the surface was six feet at the 
point where the oak logs were lyingi Then came two 
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feet of gravel, under which laj the log ^at was exhumed. 
The full depth of the gravel below was not ascertained; 
and it was of but little consequence, as these gravels 
varied in depth in a very capricious manner, in some 
limited areas it would be found filling a deep cavity worn 
in the red sandstone. These oak logs presented no evidence 
of their having grown on the spot ; in fact, their condition, 
as smooth denuded logs lying in the clean gravel, suggested 
but one conclusion — that they had been drifted about in the 
water for a long time before they were embedded in the 
gravel; and it was quite probable that many other such 
logs were yet hidden under the gravels of Lower Broughton. 
His conclusion as to the origin of the logs was based upon 
the knowledge that on the high moors of the Lancashire 
hills to the east of Manchester there were extensive deposits 
of peat, and not imf requently the peat cutters met with logs 
of timber buried deep in the peat — oaks most frequently — and 
it was quite reasonable to suppose that in the floods which in 
Pleistocene times swept over the hills and down the valleys, the 
logs were washed outand borne away to the estuaries below, and 
were soon buried in the beds of gravel then accumulating. 



Mr. Plant also said that in the progress of cutting the deep 
tunnel to form the intercepting sewer through the borough 
of Salf ord, several interesting features in the beds of the 
Bunter sandstone had been made known, especially with 
respect to certain faults, which at a future meeting he hoped 
to be able to describe. The subsidiary sewers to the great 
timnel were cut at a higher level, and were mainly cut 
through beds of till clays, gravels, and rough sands, here 
and there passing through projections of red sandstone that 
stood somewhat higher than the average level of other beds, 
also covered by till. The upper surface of the beds of sandstone, 
wherever they could be examined under the freshly- 
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WOftTated day, were deeply seored with rats and gToevet 
of glacial origm, auoh as were prominent on the sandstone 
at Ordsal doughy* or else eroded into irregular hollows and 
long troughs, ploughed right aoross the heds; and the 
weU^defined^terraoe of the old river valley eroded through 
the new red sandstone beds, before the deposition of the till, 
as frequently shown in these recent excavations. In cutting 
a deep sewer from the high ground through the low-lying 
meadow land near Ordsal Hall, the men found a limited 
deposit, at a depth of twenty feet, of sharps greyish sand 
and silt, in which were pieces of oak, birch, alder, and hazel 
boughs, with quantities of hazel nuts^ all deposited in one 
of these hollows in the new red sandstone ; but the place was 
at least a quarter of a mile from the present river bed, and 
dose to it was an enormous glacial boulder of homblendio 
trap, weighing at least seven tans, with a highly polished 
glaciated surface. This rested upon the red rock, but there 
was no doubt whatever that it was originally surrounded by 
till days, which had been washed away by the waters that 
had also afterwards deposited the alluvial sands, gravds, and 
loams which were now seen filling up the wide old river 
valley to a depth of many feet at this place. The existing 
terrace bank of the tiU deposits was now about fifty yards 
from the spot where the boulder was found. 

* Vith IVao. Geo. Soo., Man., Vol. tu. p. 40, for an aoconnt of the 
glacial marks on aandaftone at Ordaal doiigh. 
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